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ABSTRACT
Twenty c o l l e g e  age m ales p a r t i c i p a t e d  in  a w e i g h t - l i f t i n g  
e x p e r im e n t ,  3  s e t s  o f  10 r e p e t i t i o n s  a t  707. 1RM f o r  th e  
s q u a t ,  t o  exam ine t h e  t im e  c o u rs es  between c r e a t i n e  
ph osphok inase  (CPK), p r o s ta g la n d in  F 2  a lp h a  m e t a b o l i t e  
(PGF2 a met> and r a t i n g s  o f  p e r c e iv e d  s o ren ess  (RPS). Both  
gro u p s , a s p i r i n  (n«=10) and p lac e b o  ( n = 1 0 ) , r e c e iv e d  
m e d ic a t io n  (3 g /d a y )  f o r  f o u r  c o n s e c u t iv e  d ays , s t a r t i n g  1 
day p r i o r  t o  w o rk o u t.  R a t in g s  o f  so ren ess  and b lo o d  
sam ples w ere  ta k e n  p r e -  and im m e d ia te ly  p o s t - e x e r c is e ,  and 
a t  24 h i n t e r v a l s  f o r  3  days a f t e r  e x e r c is e .  T h e re  was no 
s i g n i f i c a n t  d i f f e r e n c e  (p < 0 .0 5 )  between th e  groups f o r  CPK 
and RPS a c ro s s  t im e ,  b u t  th e  p r o s ta g la n d in s  were  
s i g n i f i c a n t l y  d i f f e r e n t  (p<0 .01>  a t  a l l  t im e  i n t e r v a l s  
between grou ps . Changes seen a c ro ss  t im e  were q u a d r a t ic  
f o r  a l l  v a r i a b l e s .  The 24 h p r o s ta g la n d in  l e v e l  was 
s i g n i f i c a n t l y  h ig h e r  (p < 0 .Q 5 ) th a n  th e  p r e - ,  p o s t - e x e r c is e  
and 72 h l e v e l s ,  b u t  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  th e  
48  h l e v e l .  R a t in g s  o f  s o ren ess  were n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (p < 0 .0 5 )  a t  t h e  24 and 48 h i n t e r v a l s ,  b u t  b o th  
were s i g n i f i c a n t l y  h ig h e r  th a n  a t  a l l  o th e r  t im e  
i n t e r v a l s .  The mean CPK l e v e l s  a t  24 and 48  h were n o t  
s i g n i f i c a n t l y  d i f f e r e n t  ( p < 0 .0 5 ) ,  b u t  th e  24 h CPK le v e l  
was s i g n i f i c a n t l y  h ig h e r  (p < 0 .0 5 )  from  th e  o th e r  t im e  
i n t e r v a l s .  T h ere  was a  s i g n i f i c a n t  c o r r e l a t i o n  (p < 0 .0 1 )
v i  i  i
between th e  t im e  co u rs e s  o f  CPK and RPS. I t  was concluded  
t h a t  CPK can be used as  a m arker f o r  t i s s u e  damage and 
t h a t  p r o s ta g la n d in s  d id  n o t  in f lu e n c e  t h e  s u b je c t s '  
p e r c e p t io n  o f  m uscle  s o ren ess  o r  th e  r e le a s e  o r  u p ta k e  o f  
CPK.
ix
CHAPTER I  
INTRODUCTION
Most i n d i v i d u a l s  have  e x p e r ie n c e d  d e la y e d  o n s e t  o f  
muscle soreness  (DONS) th ro u g h  t h e i r  work, e x e r c is e  or  
r e c r e a t io n a l  a c t i v i t i e s .  The p a in  u s u a l l y  m a n ife s ts  i t s e l f  
anywhere from  24 t o  36  hours  and s u b s id es  from  48 t o  72  
hours a f t e r  e x e r c is e .  Among mechanisms t h a t  have been 
p o s tu la te d  t o  cause DONS a r e :  1) s t r u c t u r a l  damage t o
muscle t i s s u e  (Hough, 1 9 0 2 ) ,  2 )  t o n i c  spasms in  l o c a l i z e d
motor u n i t s  (d e V r ie s ,  1 9 6 6 ) ,  3) s t r u c t u r a l  damage t o  th e
c o n n e c t iv e  t i s s u e  around m uscle  f i b e r s  (Asmussen, 1 9 5 6 ) ,  
and 4) in f la m m a t io n  caused by p r o s ta g la n d in s  ( W i l l i s ,
1 9 7 0 ) .  The le a d in g  th e o r y  a t  t h i s  t im e  i s  t h a t  s t r u c t u r a l  
damage t o  th e  t i s s u e  o c c u rs ,  th u s  p ro d u c in g  soreness  
(Abraham, 1977; F r id e n ,  S jo s tro m  & Ekblom, 1 9 8 1 ) .
In v e s t ig a t o r s  have used a w ide ran g e  o f te c h n iq u e s  t o  
exam ine DONS. Nethods used in c lu d e  e rg o g ra p h ic ,  
e le c t ro m y o g ra p h ic ,  b io c h e m ic a l ,  m o rp h o lo g ic a l and 
q u a n t i f y in g  m uscle s o re n e s s . O th e rs  have in q u i r e d  as t o  
th e  r o l e  o f p r o s ta g la n d in s  in  th e  in f la m m a to ry  response as  
a m ajor c o n t r ib u t o r  t o  DONS. The purposes o f  t h i s  s tu d y  
were t o  e s t a b l i s h  1) th e  t im e  co u rses  f o r  c r e a t in e  
phosphokinase (CPK) and p r o s ta g la n d in s ,  2 )  th e
r e l a t i o n s h i p  between s u b je c t s '  r a t i n g s  o f  p e rc e iv e d
1
so ren e ss  . (RPS) and th e  t im e  co u rses  f o r  CPK and 
p r o s ta g la n d in s  and 3 ) t h e  e f f e c t  o f  an a n t i - in f la m m a t o r y  
drug ( a s p i r i n )  on th e  s u b j e c t s ’1 RPS and th e  t im e  courses  
o f  CPK and p r o s ta g la n d in s .
Review  o f  L i t e r a t u r e
M uscu la r  e x e r t io n  beyond th e  normal e v e ry d a y  
o c c u rre n c e  o f te n  produces m uscle so re n e ss . T h is  soreness  
may m a n ife s t  i t s e l f  as p a in  d u r in g  th e  a c t i v i t y  ( te m p o ra ry  
m uscle s o ren ess ) o r  so ren e ss  and s t i f f n e s s  s e v e r a l  hours  
t o  s e v e r a l  days l a t e r  (d e la y e d  m uscle  s o ren ess ) (T a la g ,
1 9 7 3 ) .  Tem porary m uscle soreness  i s  th o u g h t t o  be caused  
by lo c a l  t i s s u e  edema and th e  b io c h e m ic a l e n d -p ro d u c ts  o f  
m e tab o lism  a f f e c t i n g  f r e e  n e rv e  e nd ings  d u r in g  th e  l a t t e r  
s ta g e s  o f  e x h a u s t iv e  work (Asmussen, 1956; B re n d s tru p ,  
1962; Hough, 1 9 0 2 ) .  I t  i s  accompanied by s t i f f n e s s  and 
d ecreased  s t r e n g t h ,  b u t  th e  p a in  i s  g e n e r a l l y  m odera te .  
Tem porary s o ren ess  g e n e r a l l y  has subsided  w i t h in  s e v e r a l  
h o u rs .  D e layed  m uscle so re n e ss  i s  th e  s e n s a t io n  o r  
d is c o m fo r t  o f  p a in  in  th e  s k e l e t a l  m uscles t h a t  occurs  
f o l lo w in g  unaccustomed m uscular e x e r t io n .  The soreness  
n o rm a l ly  in c r e a s e s  in  i n t e n s i t y  in  th e  f i r s t  24  h a f t e r  
e x e r c is e ,  peaks from  24 t o  72  h , th e n  s u b s id es  (A rm stro ng ,  
1 9 8 4 ) .  The s o ren ess  i s  o f te n  d e s c r ib e d  as b e in g  lo c a l i s e d
i n  th e  m yotendinous ju n c t io n  (Asmussen., 1956; Edwards, 
M i l l s  & Newham, 1981; Komi & B u s k irk ,  1972; Newham, 
M i l l s ,  Q u ig le y  & Edwards, 1 9 8 3 ) .
Methods o f S tu d y in g  Muscle  Soreness
E ra o a ra p h ic
E a r ly  in v e s t i g a t i o n s  by Hough (1902 ) in d ic a t e d  t h a t  
u n tr a in e d  i n d i v i d u a l s  e x p e r ie n c e d  soreness  a f t e r  heavy  
r e s i s t a n c e  w ork . Hough s t a te d  t h a t  t h e r e  were two form s  
o f p a in ,  one a s s o c ia te d  w i th  f a t i g u e  and th e  o th e r  w i th  
d e la y e d  m uscle s o re n e s s . The soreness  was accompanied by 
a lo s s  o f  c o n t r a c t i l e  s t r e n g th  and was th o u g h t t o  be  
b ro u g h t about by th e  r u p t u r e  o f  th e  m uscle o r  th e  tendons  
(c o n n e c t iv e  t i s s u e )  o f  th e  m uscles . T a la g  (19 73 )  
c o n c u rre d  w i th  Hough r e g a r d in g  th e  f a c t  t h a t  m uscular  
s t r e n g t h  re m a in s  depressed  th ro u g h o u t th e  p e r io d  o f  
s o re n e s s . He suggested  t h a t  th e  depressed s t r e n g th  was a 
r e s u l t  o f  i n h i b i t i o n  by p a in ,  b u t  d id  n o t  a t te m p t  t o  
e x p la in  th e  e x a c t  mechanisms u n d e r ly in g  th e  symptoms.
M u scu la r  c o n t r a c t io n  can be d e s c r ib e d  as c o n c e n t r ic  
( p o s i t i v e )  o r  e c c e n t r ic  ( n e g a t iv e ) .  The c o n c e n t r ic  phase  
i s  d u r in g  th e  s h o r te n in g  o f  th e  m uscle f i b e r s ,  w h i le  
e c c e n t r i c  c o n t r a c t io n  o c c u rs  d u r in g  th e  le n g th e n in g  o f  
f i b e r s  as a c t i v e  te n s io n  i s  produced (Asmussen, 1956;
4
Edwards, M i l l s  & Newham, 1981; Komi e t  a l . ,  1972; Newham 
e t  a l . ,  1983; Schwane, Johnson, Vandennakker & A rm strong ,  
1 9 8 3 ) .  The c o n c e n t r ic  phase r e q u i r e s  a l a r g e r  number o f  
motor u n i t s  a t  any g iv e n  lo a d  (A b b o tt  & B ig la n d ,  1953;  
Abraham, 1977; A rm strong , L a u g h l in ,  Rome & T a y lo r ,  1983;  
Asmussen, 1952; K n u ttg e n , B o n d e -P e te rse n  & K lau s en ,
1 9 7 1 ) .
Because e c c e n t r ic  c o n t r a c t io n  r e q u i r e s  -fewer motor  
u n i t s  -for a g iv e n  w e ig h t  moved, i t  has been s t a t e d  t h a t  
th e  same amount o-f t e n s io n  must be d eve lo p ed  o v e r  a 
s m a l le r  c r o s s - s e c t io n a l  a r e a  o f  m uscle (A b b o t t ,  B ig la n d  & 
R i t c h i e ,  1952; Asmussen, 1956; B i g l a n d - R i t c h i e  & Woods, 
1 9 6 6 ) .  D e layed  m uscle so ren ess  i s  a s s o c ia te d  more w i th  
e c c e n t r ic  th a n  c o n c e n t r ic  work (Asmussen, 1956; Edwards  
e t  a l . ,  1981; Komi e t  a l . ,  1972; Newham e t  a l . ,  1983;
Schwane e t  a l . ,  1 9 8 3 ) ,  s u g g e s t in g  t h a t  i f  t h e r e  i s  a 
g r e a t e r  r e l a t i v e  s t r a i n  in  e c c e n t r i c  w ork , th e n  t h a t  m igh t  
be th e  cause o f s o re n e s s .
E le c tro m vo a ra o h v
d e V r ie s  (1966 ) deve lop ed  a t o n i c  spasm th e o r y  based on 
EMG a c t i v i t y  in  s u b je c ts  in  whom s o re n e ss  was induced  
e x p e r im e n t a l ly .  The th e o r y  proposed t h a t  t h e  so re n e ss  was 
caused by t o n i c  spasms in  l o c a l i z e d  m otor u n i t s  and th e  
s e v e r i t y  o f  p a in  was c o n s id e re d  t o  be d i r e c t l y  r e l a t e d  t o
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th e  number o-f motor u n i t s  in v o lv e d .  d e V r ie s ’ th e o r y  o f  
spasm im p l ie d  t h a t  f o l lo w in g  u n u s u a l ly  s tre n u o u s  b o u ts  o f  
e x e r c is e ,  is c h e m ia  and p a in  r e s u l t ,  b r in g in g  abou t a 
p r o t e c t i v e  r e f l e x ,  t o n i c  m uscle c o n t r a c t io n .  The t o n i c
c o n t r a c t io n  r e s u l t s  in  more l o c a l i z e d  is c h e m ia  o f  th e  
m uscle and th u s  c o n t r ib u t e s  t o  a v ic io u s  c y c le .
The th e o r y  o f  m uscle spasms has n o t  been  
s u b s t a n t ia t e d ,  b u t o th e r  i n v e s t i g a t o r s  have r e p o r te d  an 
in c re a s e d  n e u ra l  a c t i v i t y  f o r  a g iv e n  te n s io n  in  s o re  
m uscles (Komi & V i i t a s s a l o ,  1 9 7 7 ) .  Newham, Jones, and 
Edwards (1983) us in g  a s te p  t e s t  in  which th e  i n d i v i d u a l s  
step p ed  up on one le g  and lo w ered  th e m s e lv e s  on t h e  o th e r  
l e g ,  dem onstra ted  t h a t  DOMS o c c u rre d  in  th e  m uscles t h a t  
c o n t r a c te d  e c c e n t r i c a l l y  ( lo w e r i n g ) .  The t o t a l  e l e c t r i c a l  
a c t i v i t y  d id  n o t a l t e r  s i g n i f i c a n t l y  d u r in g  DOMS, th u s  no 
e v id e n c e  o f  changes in  motor u n i t  r e c r u i t m e n t  p a t t e r n s  
which would r e s u l t  in  f a t i g u e  o r  i n h i b i t i o n  o f  c o n t r a c t io n
was fo u n d . I t  was concluded  t h a t  DOMS was a r e s u l t  o f
f o r c e s  g e n e ra te d  by r e l a t i v e l y  few  f i b e r s  and th e
t r a n s m is s io n  o f  th e s e  fo r c e s  t o  th e  n o n - c o n t r a c t i l e  t i s s u e  
w ith  r e s u l t i n g  m echan ica l damage; DOMS was n o t r e l a t e d  t o  
t h e  m e ta b o l ic  energy  c o s t  o f  c o n t r a c t io n s .
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B iochem ica l
B re n d s tru p  (1962 ) suggested  t h a t  m uscle soreness  was 
in  p a r t  caused by t h e  in c re a s e d  w a te r  c o n te n t  o-f th e  
t i s s u e .  F u r th e r  in c r e a s e s  in  edema o c c u rre d  th e  - fo l lo w in g  
day. The t im e  o-f o n s e t  o-f s o re n e s s  and appearance  o-f 
edema c o in c id e d ,  th u s  le a d in g  t o  th e  c o n c lu s io n  t h a t  th e  
edema caused th e  p a in .  T a la g  (19 73 ) s u b s ta n t ia te d  
B e r n d s tr u p 's  r e s u l t s  on th e  in c re a s e d  l im b  volume o v e r  a 
s ix  day p e r io d .  A gain  th e  so ren ess  c o in c id e d  w i th  th e  
in c re a s e d  lim b  volume.
M yoglob in  in  th e  u r in e  was th o u g h t t o  be an i n d i c a t o r  
o f  muscle damage (Abraham, 1977; G e l l e r , '  1973; K n o c h e l,
1 9 8 2 ) .  Abraham (1977 ) conducted  o th e r  e x e r c is e  t e s t s  t h a t  
d id  n o t r e s u l t  in  s o re n e ss  and s t i l l  had m y o g lo b in u r ia .  
T h is  im p l ie d  t h a t  m yoglob in  may be r e le a s e d  w i th  normal 
e x e r c is e .  Though c o n c lu d in g  t h a t  m y o g lo b in u r ia  i s  n o t  
n e c e s s a r i ly  a s s o c ia te d  w i th  s o re n e s s , Abraham (1977 ) found  
an in c re a s e d  r a t i o  o f  h y d r o x y p r o l in e /c r e a t i n e  in  u r in e  
c o l l e c t e d  over a f u l l  day o f  s o re n e s s . Appearance o f  
h y d r o x y p r o l in e  has been l in k e d  t o  th e  breakdown o f  
c o n n e c t iv e  t i s s u e  ( K i v i r i k k o ,  1 9 7 0 ) .  The in c r e a s e  in  
h y d r o x y p r o l in e  in d ic a t e d  t o  Abraham t h a t  t h e r e  may be 
d is r u p t io n s  o f  c o n n e c t iv e  t i s s u e  d u r in g  e x e r c is e .  
However, H o r s w i l l ,  Massy, Layman, B o i le a u ,  and W i l l ia m s  
(1 9 86 ) r e p o r te d  no s i g n i f i c a n t  in c r e a s e  in  h y d r o x y p r o l in e
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a f t e r  in te n s e  w e ig h t  t r a i n i n g  e x e r c is e s ,  c o n c lu d in g  t h a t  
DONS was n o t  a s s o c ia te d  w i th  c o n n e c t iv e  t i s s u e  trau m a .
E x e r c is e  imposed on u n tr a in e d  m uscles can r e s u l t  in  
d e la y e d  m uscular so ren ess  and in c r e a s e s  in  th e  a c t i v i t i e s  
o f  in t r a m u s c u la r  enzymes in  th e  b lood  (Asmussen, 1956; 
C erney & H a ra la m b ie ,  1975; Hough, 1902; K in g , S t a t la n d  & 
S a v o ry , 1976; N u t t a l  & Jones, 1968; Schwane e t  a l . ,  1983;  
T i id u s  ?< Ia n u z z o ,  1 9 8 3 ) .  The t im e  c o u rs e  o f  d e la y e d  
m uscular s o re n e ss  and t h e  in c r e a s e  in  plasm a enzymes LDH, 
GOT and CPK a r e  v e ry  s i m i l a r  (Newham e t  a l . ,  1983; Schwane 
e t  a l . ,  1983; T i id u s  e t  a l . ,  1 9 8 3 ) .  The t im e  co u rs e  f o r  
LDH, GOT and CPK t o  peak was between 8 and 24 h , w i th  
blood  l e v e l s  s t i l l  e le v a te d  48 h p o s t - e x e r c is e  (Schwane e t  
a l . ,  1983; T i id u s  e t  a l . ,  1 9 8 3 ) .
Schwane e t  a l . (19 83 ) compared th e  e f f e c t s  o f  l e v e l  
ru n n in g  and d o w n h i l l  ru n n in g  on soreness  and serum enzyme 
l e v e l s .  The d o w n h i l l  ru n n in g  ( e c c e n t r ic  work) r e s u l t e d  in  
s i g n i f i c a n t  in c r e a s e s  in  CPK a f t e r  24 h and v i r t u a l l y  no 
change in  LDH and WBC. Peak soreness  was r e p o r te d  t o  
occur a p p r o x im a te ly  24  h a f t e r  peak CPK l e v e l s .  A 
c o r r e l a t i o n  o f  0 .5 3  was r e p o r te d  between soreness  r a t i n g s  
and CPK l e v e l s .  The t im e  c o u rses  f o r  CPK, LDH and GOT 
changes from  w e ig h t  l i f t i n g  by u n t r a in e d  s u b je c ts  were  
e s s e n t i a l l y  th e  same, p e ak in g  between 8 t o  24  h and 
te n d in g  t o  d e c l i n e  a f t e r  48 h p o s t - e x e r c is e  ( T i id u s  e t
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a l . ,  1 9 8 3 ) .  The in c r e a s e s  in  serum LDH and GOT l e v e l s  
were s m a l l ,  b u t ,  CPK exceeded 300% o-f i t s  p r e - e x e r c is e  
a c t i v i t y .
The e x tre m e  o-f DOMS may be th e  c o n d i t io n  r e f e r r e d  t o  
as e x e r t i o n a l  rh a b d o m y o ly s is  (K n o c h e l, 1 9 8 2 ) .  The 
o c c u rre n c e  o-f e x e r t i o n a l  rh a b d o m yo ly s is  in  humans i s  o f t e n  
seen a f t e r  unaccustom ed, e x h a u s t iv e  e x e r c is e  and i s  
c h a r a c t e r i z e d  by in c re a s e d  SGOT, CPK, and LDH (Demos, 
G i t i n  & Kagen, 1 9 7 4 ) .  M axwell and Blood (1981 ) examined  
th e  e f f e c t s  o f  t r a i n i n g  ( ru n n in g )  on l e v e l s  o f  serum CPK 
a f t e r  a s e v e re  w o rk o u t,  a run  o f  14 m i le s .  A c o n t r o l  
group o f  u n t r a in e d  s u b je c ts  had an in c r e a s e  o f  294% o f  
serum CPK as compared t o  116 and 98% in c r e a s e s  in  serum  
CPK o f groups t h a t  had t r a i n e d  3 t im e s  a week f o r  8 weeks, 
4 and 8 m i le s /d a y ,  r e s p e c t i v e l y .  These f in d in g s  sugg est  
t h a t  t r a i n e d  i n d i v i d u a l s  do n o t  e x p e r ie n c e  e x e r t i o n a l  
rh a b d o m y o ly s is  t o  th e  same deg re e  as  u n t r a in e d  
i n d i v i d u a l s .  Seaman and Ia n u z z o  (1986 ) r e p o r te d  t h a t  
b r i e f  p e r io d s  o f  t r a i n i n g  r e s u l t e d  in  decreased  serum CPK 
l e v e l s  and p e r c e iv e d  s o ren ess  responses  t o  heavy work.
M o r p h o lo g ic a l
I t  i s  n o t  o f te n  p r a c t i c a l  t o  lo c a t e  t i s s u e  damage in  
humans w i th  m uscle b io p s ie s .  G o l ln ic k ,  Ia n u z z o ,  W i l l i a m s ,  
and H i l l  (1 9 6 9 )  dem onstra ted  t h a t  t h e r e  were no s t r u c t u r a l
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changes in  th e  m y o f i b r i l s  a f t e r  e x h a u s t iv e  dynamic  
e x e r c is e .  More r e c e n t  s tu d ie s  on humans have d is c lo s e d
t h a t  t h e r e  a r e  abnormal l e s io n s ,  z - l i n e  s e p a r a t io n  and
d i s o r g a n iz a t io n  o f  m y o f i b r i l s  a f t e r  s t re n u o u s  e x e r c is e  
(F r id e n ,  1983; F r id e n  e t  a l . ,  1981; H ik id a ,  S ta ro n ,
Hagerman, Sherman it C o s t i l l ,  1983; Newham, M c P h a i l ,  M i l l s
it Edwards, 1 9 8 3 ) .  These changes can be seen im m e d ia te ly  
a f t e r  e x e r c is e ,  b u t a r e  more pronounced 1 t o  3 d l a t e r .  
M o rp h o lo g ic a l  s tu d ie s  have been p r i m a r i l y  aimed a t  
m arathon ru n n e rs  o r  have been concerned w i th  endurance  
a c t i v i t i e s  t h a t  r e q u i r e d  th e  s u b je c ts  t o  c a r r y  o u t  
s p e c i f i c  e c c e n t r ic  work.
Animal s t u d ie s ,  u s in g  d o w n h i l l  t r a i n i n g  o r  e x h a u s t iv e  
endurance r u n n in g ,  d em o n stra ted  w i th  m uscle b io p s ie s  t h a t  
e x e r c is e - in d u c e d  damage oc c u rs  p r i m a r i l y  in  deep re d  
e x te n s o r  m uscles (Arm strong e t  a l . , 1 9 8 3 ;  Sa lm inen  & V ih k o ,  
1981; S a lm in en , K a in u la in e u  & V ih k o , 1982; V ih k o ,  
Rantam aki 2< S a lm in en , 1978; V ih k o , S a lm in en , it R an tam ak i,  
1 9 7 9 ) .  Arm strong e t  a l . ( 1 9 8 3 ) ,  w o rk in g  w i th  r a t s ,
compared u p h i l l  and d o w n h i l l  ru n n in g  and d e te rm in e d  t h a t  
th e  i n j u r i e s  o c c u rre d  t o  th e  m y o f i b r i l s  a f t e r  th e  d o w n h i l l  
ru n n in g  ( e c c e n t r ic  w o rk ) .
Q u a n t i f y in g  muscle soreness
R a t in g  s c a le s  have been used t o  q u a n t i f y  th e  s o re n e ss
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o-f m uscle groups o r  t o  d e l i n e a t e  s p e c i- f ic  a re a s  o-f 
soreness  (Abraham, 1977; Asmussen, 1952; Schwane e t  a l . ,
1 9 8 3 ) .  The te n d e rn e s s  i s  o-ften d e s c r ib e d  as b e in g
l o c a l i z e d  in  th e  d i s t a l  p o r t io n s  o-f t h e  m uscle , a t  th e  
m u sc le -ten d o n  ju n c t io n  (Asmussen, 1952; Edwards e t  a l . ,  
1981; Komi e t  a l . ,  1972; Seaman e t  a l . ,  1 9 8 6 ) .  The
p e r c e p t io n  o f  s o ren ess  in  th e  d i s t a l  p o r t io n s  o f  th e  
m uscle m ight be r e l a t e d  t o  th e  f a c t  t h a t  a l a r g e r  number 
o f  n e rv e  end in g s  a r e  lo c a te d  i n  th e  m u s c le -ten d o n  ju n c t io n  
(Kumazawa & M izum ura, 1977; S ta c e y ,  1 9 6 9 ) .  Seaman e t  a l . 
(1986 ) no ted  t h a t  b r i e f  p e r io d s  o f  t r a i n i n g  d ecreased  
p e r c e iv e d  soreness  a f t e r  s tre n u o u s  e x e r c is e .
P ro s ta o la n d in s  and in f la m m a t io n
The te rm  " P ro s ta g la n d in s "  was e s t a b l is h e d  by E u le r  
( 1 9 3 6 ) .  He was a b le  t o  i s o l a t e  a ch em ica l compound from  
v e s i c u la r  e x t r a c t s ,  which he found t o  be a l i p i d - s o l u b l e  
substance  w i th  a c i d i c  p r o p e r t i e s .  In  th e  1 9 5 0 's ,  
B ergstrom  (1957) i s o l a t e d  two a c t i v e  compounds from  sheep  
v e s i c u la r  g la n d s  and c a l l e d  them p r o s ta g la n d in  E (P5E) and 
p r o s ta g la n d in  F (P 6 F ) . S in c e  th e n ,  i t  has been r e p o r te d  
t h a t  p r o s ta g la n d in s  a r e  form ed from  'C - 2 0 '  u n s a tu r a te d  
f a t t y  a c id s ,  and t h a t  in  mammals, a r a c h id o n ic  a c id  i s  th e  
most common p r e c u rs o r  (B erg s tro m , 1964; B ergstrom  & 
D a n ie ls o n ,  1959; Hamberg, 1967; Hamberg & Samuelson,
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1 9 6 6 ) .
Ramwell and Shaw (1 9 69 ) suggested  t h a t  th e  r e le a s e  o f  
p r o s ta g la n d in s  r e s u l t e d  -from hormonal and m echan ica l  
s t i m u l a t i o n .  O th e rs  have r e p o r te d  t h a t  m echan ica l  
d is tu rb a n c e s  ( v i b r a t i o n )  a n d /o r  d i s r u p t io n  o-f th e  c e l l  
membrane (hom ogenation) r e s u l t e d  in  t h e  a c t i v a t i o n  o-f 
p h o s p h o lip a s e  A2  which a c ts  on th e  p h o s p h o l ip id  - f r a c t io n  
o-f th e  c e l l ,  t h u s - r e le a s i n g  a r a c h id o n ic  a c id  (Anderson, 
B ro c k le h u r s t  & W i l l i s ,  1971; F lo w er B la c k w e l l ,  1 9 7 6 ) .
In  th e  p resen ce  o f  c y c lo o x y g e n a s e , a r a c h id o n ic  a c id  i s  
c o n v e rte d  t o  p r o s ta g la n d in s .
Dogs were used t o  d e m o n s tra te  t h a t  an in c r e a s e  in  
plasma PGE o c c u rre d  a f t e r  work o f  a c o n c e n t r ic  n a tu r e .  I t  
was concluded t h a t  PGE fo r m a t io n  r e s u l t e d  from  a h y p o x ic  
c o n d i t io n  caused by th e  e x e r c is e  (H erb a cy zn sk a , Staszew sha  
& Janczewsha, 1974; M o rg a n ro th , Morharam & S p ark s , 1 9 7 5 ) .  
Young and Sparks  (1 9 7 9 )  occ lud ed  th e  b lood  f lo w  in  th e  
h in d  le g  o f  a dog, p ro d u c in g  a h y p o x ic  c o n d i t io n  t h a t  
r e s u l t e d  in  an in c r e a s e  in  PGE fo r m a t io n .
B a n s i l  (1984) d e m o n s tra te d , by h a v in g  s u b je c ts  
p e rfo rm  3 s e ts  o f  10 r e p e t i t i o n s  o f  s q u a ts  a t  707. o f  one 
maximum r e p e t i t i o n ,  t h a t  PGE's and p r o s ta g la n d in  F2  A lpha  
(PGF2 a ) were r e le a s e d  from  m uscle t o  p lasm a. The t im e  
co u rse  r e f l e c t e d  a p e a k in g  o f  th e  p r o s ta g la n d in s  a t  
a p p ro x im a te ly  36 h and r e t u r n in g  t o  b a s e l in e  a p p r o x im a te ly
12
72 h a f t e r  e x e r c is e .  I t  was a ls o  no ted  t h a t  s e v e r a l  o th e r  
serum enzymes (SGOT, CPK, CREA, LDH and AP> peaked between  
24 and 48 h a - f te r  e x e r c is e  and were back t o  b a s e l in e  a t  72  
h .
P r o s ta g la n d in s  were f i r s t  d e s c r ib e d  as in f la m m a to ry  
m e d ia to rs  and sub s ta n c e s  t h a t  can cause h y p e r a lg e s ia  
(s o re n e s s )  (Soloman, J u d h l in  & Krischenbaum , 1968; W i l l i s ,  
1 9 7 0 ) .  S in ce  th e  1 9 7 0 's ,  i t  has been e s t a b l is h e d  t h a t  
w i t h in  p h y s io lo g ic a l  l i m i t s ,  p r o s ta g la n d in s ,  e s p e c i a l l y  
th e  E s e r i e s ,  a r e  p r o - in f la m m a to r y ,  a c t in g  as p o t e n t i a t i n g  
a g e n ts  f o r  in f la m m a to ry  substances  l i k e  h is ta m in e  and 
b r a d y k in in  (G lenn 2/ R o h o lo f f ,  1971; Kunze 8< V o g t,  1971;  
L e w is , Nelson 2« Sugrue, 1975; Moncada, F e r r e i r a  & Vane, 
1973; Whedan, 1 9 7 4 ) .  I t  was p o s tu la te d  t h a t  p r o s ta g la n d in s  
th e m s e lve s  d id  n o t  cause p a in ,  b u t a c te d  by s e n s i t i z i n g  
th e  p a in  r e c e p to r s  t o  m echan ica l and chem ica l s t im u la t io n  
( F e r r e i r a ,  1 9 7 2 ) .  was no^ shown t o  p o t e n t i a t e
h is ta m in e  or b r a d y k in in  in  man, as d id  PGEj and PGE2  i n  an 
in f la m m a to ry  resp onse  ( F e r r e i r a ,  Moncada, P arso ns , & Vane,
1 9 7 4 ) .  K a le y  and W einer (1971 ) dem onstra ted  t h a t  PGF2a 
a c te d  a n t a g o n i s t i c a l l y  t o  PGE's by ca u s in g
v a s o c o n s t r ic t io n  in  v e n u le s  which o f f s e t  th e  v a s o d i l a t i v e  
e f f e c t s  o f  PG E's . G iro u d , V e lo ,  T i m i s t ,  and W il lo u g h b y  
(1 974 ) have shown t h a t  th e  r a t i o  PGE2 !PGF2 a s h i f t s  d u r in g  
th e  in f la m m a to ry  re s p o n s e . P r i o r  t o  th e  in f la m m a to ry
s t im u lu s ,  th e  r a t i o  o-f PGE2 :PGF2a i s  g r e a t l y  re d u c e d . A t  
th e  h e ig h t  o f  th e  r e a c t i o n ,  th e  r a t i o  o f  PGE2 :PGF2a  
a p p ro x im a te s  a v a lu e  o f  one, w i th  a d e c rea s e  as t h e  
r e a c t io n  fa d e s .
Most o f  th e  re s e a rc h  on p r o s ta g la n d in s  has d e a l t  w i th  
PGF2 a , which was r e p o r te d  t o  occur n o rm a l ly  in  
c o n c e n t r a t io n s  o f  about 2 0 0  t o  s e v e r a l  thousand pg /m l  
( J a f f e ,  Behrman & P a r k e r ,  1 9 7 3 ) .  However, th e s e  v a lu e s  
a r e  1 0 0  t o  1 0 0 0 - f o l d  h ig h e r  th an  expected  based on th e  
r a t e  o f  s y n th e s is  and m etabo lism  o f  PGF2a (Sam uelsson,  
1 9 7 3 ) .  T h is  d is c re p a n c y  between e x p e r im e n ta l  and 
c a lc u la t e d  l e v e l s  was suggested t o  be due t o  th e  fo r m a t io n  
o f  PGF2a by p l a t e l e t s  and le u c o c y te s  d u r in g  i s o l a t i o n  o f  
th e  b lood  plasm a and p o s s ib le  a ls o  by no nenzym atic  
c y c l i z a t i o n  o f  p o ly u n s a tu r a te d  f a t t y  a c id s  (Sam uelsson,
1 9 7 3 ) .
Due t o  th e  prob lem  o f  p r o s ta g la n d in  fo r m a t io n  d u r in g  
i s o l a t i o n ,  i t  has been suggested t h a t  th e  
1 5 - k e t o - 1 3 , 1 4 - d i h y d r o - d e r i v a t i v e s  shou ld  be more s u i t a b l e  
f o r  m o n i to r in g  th e  s y n th e s is  o f  p r o s ta g la n d in s  when 
a n a ly z in g  p e r ip h e r a l  p lasm a, s in c e  th e y  a r e  n o t form ed in  
th e  b lood  (Anggard ?< Samuelsson, 1964; Samuelsson & G reen ,
1 9 7 4 ) .  F u r th e rm o re , due t o  th e  e x tre m e ly  r a p id  m etab o lism  
o f  th e  p a r e n t  compounds, th e
1 5 - k e t o - 1 3 , 1 4 - d i h y d r o - d e r i v a t i v e s  can be exp ected  t o  occur
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in  c o n s id e r a b ly  h ig h e r  c o n c e n t r a t io n s  (B en gu in , Bygdeman, 
Green & Samuelsson, 1972; G ranstrom , 1971; Hamberg it 
Samuelsson, 1 9 7 1 ) .  Samuelsson e t  a l . (1 9 7 4 )  r e p o r te d  t h a t  
th e  c o n c e n t r a t io n  o f  1 5 - k e t o - 1 3 , 1 4 - d i h y d r o - d e r i v a t i v e s  o f  
PGE2  and PGF2 a a r e  o f  th e  same m agn itu de .
I t  was found in  th e  e a r l y  1 9 7 0 's  t h a t  a s p i r i n - l i k e  
drugs i n h i b i t e d  th e  s y n th e s is  o f  p r o s ta g la n d in s  in  v i t r o  
and in  v iv o  ( F e r r e i r a ,  Moncada & Vane, 1971; Sm ith  &
W i l l i s ,  1971; Vane, 1 9 7 1 ) .  The in g e s t io n  o f  3 g /d a y  o f  
a s p i r i n  i n h i b i t e d  fro m  77 t o  987. o f  th e  p r o s ta g la n d in s  
produced d a i l y  in  humans (Hamberg, 1 9 7 2 ) .  A s p i r in  
i n h i b i t s  th e  oxygenase a c t i v i t y  o f  p r o s ta g la n d in  
cyc looxygenase  by a c e t y l a t i n g  th e  te r m in a l  amino group o f  
one o f i t s  s u b s t r a te s .  A n t i - in f la m m a t o r y  drugs such as
a s p i r i n ,  due t o  t h e i r  a b i l i t y  t o  b lo c k  cyc lo o x y g e n a s e
m u lt i -e n z y m e  system s, can o n ly  n u l l i f y  t h e  p o t e n t i a t i n g  
e f f e c t  produced by p r o s ta g la n d in s  and can n o t e l i m i n a t e  
h y p e r a lg e s ia  c o m p le te ly .  Juan and Lembeck (1974a , 1974b ,
1976 , 1977) conducted a s e r i e s  o f  s t u d ie s  u s in g  r a b b i t s  as  
an e x p e r im e n ta l  m odel. They concluded t h a t  a s p i r i n  co u ld
n o t e l i m i n a t e  th e  p a in  resp onses  in  an in f la m m a to ry  
r e a c t i o n ,  b u t  o n ly  reduced th e  i n t e n s i t y  o f  p a in .  They  
a ls o  r e p o r te d  t h a t  p r o s ta g la n d in s  p r i m a r i l y  made th e  
p a r a v a s c u la r  p a in  r e c e p to r s  more s e n s i t i v e  r a t h e r  th a n  
a c t u a l l y  p ro d u c in g  p a in .  F e r r e i r a  e t  a l . ( 1 9 7 4 )  found t h a t
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p r o s t a c y c l in  <PGI2 > was a more p o te n t  h y p e r a lg e s ic  a g e n t  
th a n  PGE2 . The e f f e c t  o f PGI2  was in s ta n ta n e o u s  and 
l a s t e d  f o r  o n ly  a s h o r t  p e r io d .  A f t e r  a d m in is te r in g  
a s p i r i n  ( 3 g / d a y ) , B a n s i l  (1984 ) r e p o r te d  no s i g n i f i c a n t
in c r e a s e s  in  PGE's and PGF2a f o r  a 72  h p e r io d  a f t e r  
p e r fo rm in g  3 s e ts  o f  10 s q u a ts  a t  70% 1RM.
B a n s i l  (19 84 ) in d ic a t e d  t h a t  th e  t im e  c o u rs e  f o r  CK
and PGEj t o  peak c o in c id e d  w i th  changes in  th e  d e g re e  o f
m uscle  so re n e ss . The p r e v e n t io n  o f  p r o s ta g la n d in  
fo r m a t io n  w i th  th e  use o f  a s p i r i n  has been w e l l  
e s t a b l is h e d .  However, i t  i s  n o t  c l e a r  w h eth er serum CK i s  
a r e l i a b l e  m arker f o r  t i s s u e  damage o r  w h eth er i t  i s
a f f e c t e d  by th e  l e v e l s  o f p r o s ta g la n d in s  in  th e  b lo o d .
CHAPTER I I  
METHODS
The purpose  o-f t h i s  s tu d y  was t o  d e te rm in e  w h eth er  
c r e a t i n e  k in a s e  i s  a s u i t a b l e  m arker f o r  t i s s u e  damage 
r e s u l t i n g  fro m  w e i g h t - l i f t i n g .  The e x p e r im e n ta l  d e s ig n  
a l lo w e d  f o r  th e  e s ta b l is h m e n t  o f :  1 ) th e  t im e  co u rse  f o r  
CPK and p r o s t a g la n d in s ,  2 ) th e  r e l a t i o n s h i p  between th e  
s u b j e c t s '  r a t i n g s  o f  p e r c e iv e d  so ren ess  (RPS) and th e  t im e  
c o u rs e s  o f  CPK and p r o s ta g la n d in s ,  and 3) th e  e f f e c t  o f  an 
a n t i - i n f l a m m a t o r y  drug ( a s p i r i n )  on th e  s u b je c t s '  RPS and 
t h e  t im e  c o u rse  o f CPK and p r o s ta g la n d in s .
Sub ■iects
Tw enty h e a l t h y ,  u n t r a in e d  m ale v o lu n te e r s  p a r t i c i p a t e d  
i n  t h i s  s tu d y .  The te rm  " u n t r a in e d "  was d e f in e d  as n o t in  
t r a i n i n g  w i th  w e ig h ts  or p a r t i c i p a t i n g  in  any o th e r  ty p e  
o f  r e s i s t i v e  work.
P r i o r  t o  th e  i n i t i a t i o n  o f  t h i s  e x p e r im e n t ,  a l l  
s u b je c ts  were in fo rm e d  o f  a l l  p ro c e d u re s  a s s o c ia te d  w i th  
t h i s  s tu d y .  Each s u b je c t  re a d  and s ig n ed  an in fo rm e d  
c o n s en t (Appendix A ) .  T h is  e x p e r im e n t  was approved by th e  
Com m ittee  on th e  use o f  Humans and A n im als  as Research  
S u b je c ts  a t  LSU p r i o r  t o  th e  c o l l e c t i o n  o f  d a ta .
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M e d ic a t io n
The s u b je c ts  were random ly  d iv id e d  i n t o  two groups ,  
one r e c e iv i n g  a s p i r i n  and th e  o th e r  a p la c e b o .  The dosage  
o f  each s u b s tan ce  was 1 gm, 3 t im e s /d a y ,  a t o t a l  o f  3  
gm /day. A l l  m e d ic a t io n  was weighed and p la c e d  in  
i d e n t i c a l  g e l a t i n  c a p s u le s  by th e  r e s e a r c h e r .  M e d ic a t io n  
was a d m in is te r e d  one day p r i o r  t o  w orkout and c o n t in u e d  
f o r  f o u r  c o n s e c u t iv e  d ays . M e d ic a t io n  was a d m in is te r e d  by 
th e  r e s e a r c h e r  between th e  hours  o f  7 and 8  am as w e l l  as  
between 2 and 3 pm; s u b je c ts  to o k  th e  m e d ic a t io n  on t h e i r  
own between 1 0  and 1 1  pm.
W eight l i f t i n g
A f t e r  a p p r o p r ia t e  warmup, a one r e p e t i t i o n  maximum 
(1RM) f o r  th e  s q u a t was d e te rm in e d .  A s q u a t  was d e f in e d  
as: a s u b je c t  in  an e r e c t  p o s i t io n  lo w e rs  h im s e l f  t o  a 
p o in t  where h i s  t h ig h s  a r e  p a r a l l e l  t o  th e  f l o o r ,  th en  
r e t u r n s  t o  an e r e c t  p o s i t i o n .  The 1RM was d e te rm in ed  
tw ic e  w i th  a p p r o x im a te ly  one week between t r i a l s .  In  
d e te r m in in g  th e  1RM, each s u b je c t  was a l lo w e d  t o  p e r fo rm  5 
warm-up s q u a ts  w i th  j u s t  th e  b a r  (20  k g ) .  Dependent upon 
t h e  s i z e  o f  th e  s u b je c t ,  judgem ent o f  t h e  r e s e a r c h e r ,  and 
/  o r  knowledge o f  p r e v io u s  1RM in  th e  s q u a t ,  s u f f i c i e n t  
w e ig h t  was p r o g r e s s iv e ly  added in  o rd e r  t o  a t t a i n  a 1RM 
w i t h in  5 t o  6  t r i e s .  A t h r e e  m in u te  r e s t  p e r io d  was g iv e n
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between a t te m p ts .  A s u b je c t  was s a id  t o  have reached a 
1RM when he -Fa iled  an a t te m p t  o r  i-f a s s is ta n c e  was needed 
t o  com p le te  th e  l i - f t .  S u b je c ts  agreed  t o  r e f r a i n  from  any  
s tre n u o u s  e x e r c is e  f o r  th e  fo u r  days p r i o r  t o  th e  e x e r c is e  
done t o  in d u c e  s o re n e s s . The s u b je c t  r e tu r n e d  t o  th e  
w e ig h t room and p erfo rm ed  3 s e ts  o f  10 r e p e t i t i o n s  each a t  
a p p ro x im a te ly  7 0 V. o f  1RM. Each r e p e t i t i o n  was done in  2  
sec i n t e r v a l s  (down, 1 sec; up, 1 s e c ) .  Thus, i t  to o k  
a p p ro x im a te ly  20 sec t o  f i n i s h  each s e t .  A 3 min r e s t  
p e r io d  was ta k e n  between s e t s .  The s u b je c ts  r e f r a in e d  
from  any s tre n u o u s  e x e r c is e  o r  a c t i v i t i e s  d u r in g  th e  72 h 
f o l lo w in g  th e  w o rko u t.
R a t in g s  o f p e rc e iv e d  s o re n e ss
B e fo re  e x e r c is e ,  im m e d ia te ly  p o s t - e x e r c is e ,  and a t  24  
h i n t e r v a l s  ( ± 0 .5  h) f o r  3 days p o s t - e x e r c is e ,  th e  s u b je c t  
r e p l i c a t e d  th e  a c t io n  o f  p e r fo rm in g  a s q u a t .  Upon 
c o m p le t io n  o f  t h i s  t a s k ,  th e  s u b je c t  gave a v e rb a l  
assessment as t o  th e  d e g re e  o f  s o r e n e s s ( s c a le  "0 t o  3 " ,  
Appendix B ) , a f t e r  which b lo o d  samples were ta k e n .
Blood samples
Using an 18g n e e d le  and a 10 ml s y r in g e ,  v e n ip u n c tu re  
o f  th e  m edia l c u b i t a l  o r  c e p h a l ic  v e in  was perform ed by a 
r e g is t e r e d  n u rs e . A p p ro x im a te ly  10 ml o f  b lood  was drawn
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a t  p r e - e x e r c is e ,  im m e d ia te ly  p o s t - e x e r c is e  and a t  24  h 
i n t e r v a l s  ( ± 0 .5  h> -for 3  days p o s t - e x e r c is e .  The b lood  was 
p la c e d  in  h e p a r in iz e d  tu b e s  and c e n t r i f u g e d  a t  1 0 0 0  g f o r  
20 m in. A p p ro x im a te ly  one ml o f  plasm a was p la c e d  in  each  
o f  th e  t h r e e  tu b e s ,  capped and f r o z e n  f o r  l a t e r  a n a ly s is .
Plasma a n a ly s is
The plasm a was a n a ly z e d  f o r  CK, s a l i c y l a t e  and PGf^a  
m e t a b o l i t e .  D e t a i le d  d e s c r ip t io n  o f  assays a r e  p re s e n te d  
in  Appendix C.
C r e a t in e  K in a s e . The CK assay was based upon th e  
e s t im a t io n  o f  CK a c t i v i t y  by m easuring th e  f r e e  c r e a t i n e  
produced by th e  f o l lo w in g  r e a c t io n :
ADP + P h o sp h o c re a t in e  ------ > ATP + C r e a t in e
T h is  assay i s  a c o l o r i m e t r i c  te c h n iq u e .  The f i n a l  s te p  
a l lo w s  f o r  th e  c o lo r  r e a c t i o n .
C r e a t in e  + a -  N ap th o l + D ia c e t y l  ------ > C o lo r  complex
The amount o f  c o lo r  form ed i s  p r o p o r t io n a l  t o  th e  CK 
p re s e n t  in  th e  p lasm a.
S a l i c v l a t e . T h is  assay  d e te rm in e d  th e  amount o f  f r e e  
s a l i c y l a t e  in  th e  b lo o d  by q u a n t i f y in g  th e  b in d in g  o f  th e
f r e e  s a l i c y l a t e  t o  f e r r i c  io n s ./
S a l i c y l a t e  + Fe+'*  > P u r p le  c o lo r
One o f  th e  purposes  f o r  m easuring s a l i c y l a t e  l e v e l s  
was t o  en s u re  t h a t  no s u b je c t  reached  a t o x i c  le v e l  o f
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b lo o d  s a l i c y l a t e .  T i e t z  <1976) in d ic a t e d  t h a t  th e  
e x p e c te d  l e v e l s  o f  s a l i c y l a t e  w ere  as f o l lo w s :
L e v e ls  S a l i c v l a t e  (mg/dL)
B lan k  Up t o  2
T h e r a p e u t ic  Below 20
T o x ic  Above 30
L e th a l  Above 60
For s a f e t y  o f  t h e  s u b je c t s ,  a l l  assays  were run  t h e  day  
th e  sam ple was ta k e n .
PGFgj  m e t a b o l i t e . A radio im m unoassay <RIA) (Hwang, 
1985) was used t o  d e te rm in e  th e  l e v e l s  o f  P^F^a 
m e t a b o l i t e .  The a b i l i t y  o f u n la b e l le d  a n t ig e n  <Ag) to  
compete w i th  r a d i o a c t i v e  a n t ig e n  <Ag#) f o r  th e  a v a i l a b l e  
b in d in g  s i t e s  an th e  a n t ib o d y  (Ab) m o le c u le  i s  th e  
t h e o r e t i c a l  b a s is  o f  t h i s  R IA . I f  th e  a n t ib o d y  b in d in g  
s i t e s  and th e  r a d i o a c t i v e  a n t ig e n  a r e  h e ld  c o n s ta n t ,  th en  
th e  amount o f  r a d i o a c t i v i t y  a s s o c ia te d  w i th  th e  a n t ib o d y  
i s  a q u a n t i t a t i v e  f u n c t io n  o f th e  mass o f  u n la b e l le d  
a n t ig e n  p r e s e n t .  W ith  a h ig h  l e v e l  o f Ag, th e  
r a d i o a c t i v i t y  o f  th e  Ab-Ag# d e c re a s e s , and v ic e  v e rs a .  
T h is  t y p e  o f  assay i s  s e n s i t i v e  enough t o  measure in  th e  
p ico g ram /m l ra n g e .
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D ata  a n a ly s is
The d a ta  were a n a ly s e d  as a 2 X 5 + a e t o r i a l  a n a ly s is  
o-f v a r ia n c e  (ANOVA), w i th  re p e a te d  measures on th e  l a s t  
f a c t o r  ( t i m e ) .  O r th o g o n a l com parisons were run  in  o rd e r  t o  
a n a ly z e  th e  p o ly n o m ia l t r e n d s  o f  th e  l a s t  fo u r  t im e s  
w i t h in  each g ro u p . A T u k e y 's  s tu d e n t iz e d  ra n g e  t e s t  was 
used as  a f o l lo w - u p  t o  exam ine t im e  d i f f e r e n c e s  w i t h in  
groups and group d i f f e r e n c e s  a c ro ss  t im e .  Spearman 
r a n k -o r d e r  c o r r e l a t i o n s  were run  t o  d e te rm in e  th e  
c o r r e l a t i o n s  o f th e  t im e  c o u rses  between th e  in d ep en d en t  
v a r i a b l e s .
CHAPTER I I I
RESULTS AND DISCUSSION
The b io m e t r ic  d a ta  i n d i c a t e s  t h a t  th e  groups were o-f 
a homogeneous n a t u r e ,  w i th  no s i g n i f i c a n t  d i f f e r e n c e s  
(T a b le  1 ) .
T a b le  1
B io m e t r ic  D ata  F o r Each Group
A s p i r in  P Ia c e b o
5 __________SD________________2 __________SD
Age (y r s ) 22.90 ± 2.8 22.30 ± 5.50
H e ig h t (m) 1.76 ± 0.06 1.77 1 0.06
W eight (kg) 75.20 i n. 11 87.30 ±19.70
1RM (kg) 111. 10 ±30.70 117.30 ±33.20
A s p i r in
A dosage o f  3 g /d a y  o f  a s p i r i n  was a d m in is te r e d  t o  th e  
a s p i r i n  g ro u p . T h is  dose a l lo w e d  each s u b je c t  t o  f a l l  
i n t o  th e  t h e r a p e u t ic  ra n g e  (between 2 and 20  mg/dL) f o r  
a s p i r i n  (F ig u r e  1 ) .  T h e re  was a s i g n i f i c a n t  d i f f e r e n c e  in  
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Figure 1. Mean aspirin levels across time.
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The T u k e y 's  s tu d e n t is e d  ra n g e  t e s t  (a lp h a =  0 . 0 5 ,  d f  = 35)
showed t h a t  t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  between th e  
p o s t - e x e r c is e  a s p i r i n  l e v e l  as compared t o  th e  2 4 , 48 and 
7 2  h means (p < 0 .0 1 4 1 ,  0 .0 0 3 5  and 0 .0 0 1 3 ,  r e s p e c t i v e l y ) .  
No o th e r  t im e  i n t e r v a l  a s p i r i n  means were s i g n i f i c a n t l y  
d i f f e r e n t .
I t  was found in  th e  e a r l y  1 9 7 0 's  t h a t  a s p i r i n  and 
a s p i r i n - l i k e  drugs i n h i b i t e d  th e  s y n th e s is  o f  
p r o s ta g la n d in s  and th u s  n u l l i f i e d  th e  e x a c e r b a t in g  e f f e c t  
o f  p ro s ta g la n d in s  on th e  in f la m m a to ry  resp onse  and p a in  
a s s o c ia te d  w i th  in f la m m a t io n  ( F e r r e i r a  e t  a l . ,  1971;
Hamber, 1972; Sm ith e t  a l . ,  1971; Vane, 1 9 7 1 ) .  The e f f e c t
t h a t  a s p i r i n  has on p r o s ta g la n d in  fo r m a t io n  m igh t th u s  be 
e xp ected  t o  reduce  th e  s o re n e ss  a s s o c ia te d  w i th
unaccustomed s tre n u o u s  e x e r c is e  and t o  p o s s ib ly  a f f e c t  
o th e r  f a c t o r s  a s s o c ia te d  w i th  DDMS.
PGFoj  m e ta b o l i t e
The in  v iv o  changes in  P6 E2  and PGF2a a r e  r e f l e c t e d  
by th e  c o n c e n t r a t io n  o f  1 5 - k e t o - 1 3 , 1 4 - d i h y d r o - d e r i v a t i v e s .  
Based upon p re v io u s  re s e a rc h  showing t h a t  th e
c o n c e n t r a t io n s  of th e  m e ta b o l i t e s  a r e  o f  th e  same
m agnitude (Samuelsson e t  a l . ,  1 9 7 4 ) ,  f u r t h e r  d is c u s s io n  o f  
p r o s ta g la n d in s  in  t h i s  paper w i l l  be based on changes seen  
in  PGF2a m e ta b o l i t e .
Hormonal in f lu e n c e ,  m ech an ica l s t im u la t io n  a n d /o r
d is r u p t io n  o-f th e  c e l l  membrane can r e s u l t  in  th e  r e le a s e  
o f  p h o s p h o lip a s e  A2 « T h is  enzyme a c ts  on th e  c e l l  
membrane t o  r e le a s e  a r a c h id o n ic  a c id ,  th e  p re c u rs o r  f o r  
p r o s ta g la n d in s  (Anderson e t  a l . ,  1971; F lo w e r  e t  a l . ,
1976; Ramwell e t  a l . ,  1 9 6 9 ) .  In  th e  p re sen ce  of
p r o s ta g la n d in  c y c lo o x y g e n a s e , a r a c h id o n ic  a c id  i s  
c o n v e r te d  t o  th e  f i r s t  p r o s ta g la n d in  in t e r m e d ia t e  (P6 G2 ) .  
A s p i r in  i n h i b i t s  th e  c yc lo o x y g e n a s e  by a c e t y l a t i n g  th e  
t e r m in a l  amino group o f  one o f  i t s  s u b s t r a te s ;  th u s ,  
a s p i r i n  i n h i b i t s  c o n v e rs io n  o f  a r a c h id o n ic  a c id  t o  
p r o s ta g la n d in s ,  a c c o u n t in g  f o r  th e  s i g n i f i c a n t  group main 
e f f e c t  = " * 4 9 ,  p < 0 .0 0 0 1 ) .  T h ere  was a
s i g n i f i c a n t  m.ain e f f e c t  a c ro ss  t im e  * F ( 4 ,9 0 )  =
p<0 . 0 0 0 1 ) and th e  a s p i r i n  and p la c e b o  groups were
s i g n i f i c a n t l y  d i f f e r e n t  a t  a l l  t im e  i n t e r v a l s  (T a b le  2 ) .
The changes in  p r o s ta g la n d in s  a c ro ss  t im e  in  th e
p la c e b o  group were q u a d r a t ic ;  no d i f f e r e n c e s  were found  
a c ro ss  t im e  in  th e  a s p i r i n  g ro u p . The p r o s ta g la n d in s
showed a v e ry  sharp  in c r e a s e  from  p r e - e x e r c is e  l e v e l s  to  
th e  24 h l e v e l ,  r e t u r n in g  back t o  a p p r o x im a te ly  b a s e l in e  
a f t e r  72 h (F ig u r e  2 ) .  These r e s u l t s  s u p p o rt  p re v io u s  
re s e a rc h  ( B a n s i l ,  1 9 8 4 ) .  A T u k e y 's  s tu d e n t iz e d  ran g e  t e s t  
(a lp h a = 0 .0 5  and d f= 6 5 )  showed t h a t  t h e r e  was no 
s i g n i f i c a n t  d i f f e r e n c e  between th e  24 h and 48 h
p r o s ta g la n d in  means w i t h in  groups (T a b le  '3 ) .  T h ere  were
T a b le  2
P r o b a b i l i t i e s  o-f S i g n i f i c a n t  D i f f e r e n c e s  Between Means 
th e  A s p i r in  and P la ce b o  Groups*
Time CPK PGF2a Met RPS
P re  0 .3 1 7 5  0 .0 0 4 5 #  0 .9 1 2 6
Post 0 .2 9 6 2  0 .0 0 0 3 #  0 .S 3 1 5
24 0 .9 3 4 2  0 .0 0 0 1 #  0 .2 8 6 3
48 0 .2 2 0 5  0 .0 0 0 1 #  0 .1 1 4 1
72  0 .1 5 1 1  0 .0 0 0 5 #  0 .3 1 5 6



















PRE POST 24 4B 72 
TIME OF SAMPLING (HOURS)
Figure 2. Means of PGF„ metabolite across time.
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no s i g n i f i c a n t  d i f f e r e n c e s  among th e  means o f  th e  p r e t e s t ,  
p o s t t e s t ,  72  h , o r  48  h t im e  p e r io d s .  The d e la y e d  
in c r e a s e  in  p r o s ta g la n d in s  (24  h) c o u ld  p o s s ib ly  be  
acco unted  f o r  by n o t  o n ly  th e  fo r m a t io n  o f  p r o s ta g la n d in s  
by th e  i n i t i a l  damage t o  th e  t i s s u e ,  b u t  a ls o  by f u r t h e r  
d e s t r u c t io n  o f  th e  c e l l  membranes by w h i te  b lood  c e l l s  and 
hormonal s t im u la t io n  o f  o th e r  t i s s u e s .  The g e n e ra l  
d e c l i n e  back t o  b a s e l in e  a f t e r  72 h o c c u rre d  as th e  
p r o s ta g la n d in s  were m e ta b o l iz e d  and removed from  th e  
system  as was in d ic a t e d  by an in c r e a s e  in  u r i n a r y  
p r o s ta g la n d in  m e ta b o l i t e s  (Hamberg e t  a l . ,  1971;
Samuelsson e t  a l . ,  1 9 7 4 ) .
T a b le  3
C o n t r a s t  S ta te m e n ts  f o r  P ro s ta g la n d in s  *
P la c e b o  Pre  Post 72 48 24
*  No s i g n i f i c a n t  d i f f e r e n c e  between sam pling
p e r io d s  u n d e r l in e d  o r  f o r  any p e r io d  f o r  th e  
a s p i r i n  group
R a t in g s  o f p e r c e iv e d  sor eness
Means o f  RPS were s i g n i f i c a n t l y  d i f f e r e n t  a c ro ss  t im e  
^ ( 4 , 9 0 )  = 4 2 .2 8 ,  p<0 . 0 0 0 1 >, t h e r e  b e in g  q u a d r a t ic  changes  
i n  RPS f o r  bo th  th e  a s p i r i n  and p lac e b o  grou ps . The t im e  
c o u rs e  f o r  RPS was v e ry  s i m i l a r  t o  t h a t  o f  th e
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p r o s ta g la n d in s  (F ig u r e  3 ) in  t h a t  t h e r e  was an in c r e a s e  in  
RPS -from p r e - e x e r c is e  up t o  24 h , and a r e t u r n  to  
a p p r o x im a te ly  b a s e l in e  a t  72 h . T h ere  was n o t a 
s i g n i f i c a n t  d i f f e r e n c e  between th e  means o f  th e  a s p i r i n  
and p la c e b o  groups  a t  any t im e  p e r io d  (T a b le  2 ) .
In  com paring RPS a c ro s s  t im e  ( T a b l e '4 ) us in g  Tu key ’ s 
s tu d e n t iz e d  ra n g e  t e s t  (a lp h a = 0 .0 5  and d f = 6 5 ) ,  th e  
p r e - e x e r c is e  r a t i n g s  were s i g n i f i c a n t l y  lo w er th an  a l l  
o th e r  t im e  i n t e r v a l s ;  t h a t  i s ,  no s u b je c t  was s o re  p r i o r  
t o  t h e  e x p e r im e n t  (T a b le  4 ) .  The RPS a t  24  and 48 h were  
n o t s i g n i f i c a n t l y  d i f f e r e n t  from  each o t h e r ,  bu t both  were  
s i g n i f i c a n t l y  d i f f e r e n t  from  a l l  o th e r  t im e  i n t e r v a l s .
T a b le  4
C o n tr a s t  S ta te m e n ts  f o r  R a t in g s  o f  P e rc e iv e d  S o ren ess*
A s p i r in  P re  Post 72 24 48
P la c e b o  P re  Post 72 24_____ 48
* No s i g n i f i c a n t  d i f f e r e n c e  between sam pling  
p e r io d s  u n d e r l in e d
The soreness  r a t i n g s  corresponded t o  th e  e le v a t io n  o f  
p r o s ta g la n d in s  a t  24  and 48 h in  th e  p la c e b o  group, th u s  
i n d i c a t i n g  t h a t  th e  so ren ess  and th e  in f la m m a to ry  response  
c o in c id e d .  However th e  a s p i r i n  group was n o t  
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Figure 3. Means of RPS for each group across time.
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(T a b le  2 ) a t  any t im e  i n t e r v a l ,  w h i le  th e  p r o s ta g la n d in  
l e v e l s  rem ained  lo w , i n h i b i t e d  by a s p i r i n .  T h is  was 
un expected  and in  c o n f l i c t  w i th  B a n s i l ' s  (1 9 8 4 )  r e s u l t s .  
The s u b je c ts  in  h i s  a s p i r i n  group w ere  s i g n i f i c a n t l y  le s s  
s o re  and had a much e a s i e r  t im e  in  r e p l i c a t i n g  t h e  sq u a t  
movement. T h is  had s t im u la t e d  t h e  p r e s e n t  q u e s t  f o r  th e  
mechanism; th e  p re s e n t  d a ta  p a in te d  to w ard  t h e  im p o rta n c e  
o f  CPK and away from  t h e  c o n t r ib u t io n s  o f  p r o s ta g la n d in s .  
The e v a lu a t io n  in  p r o s ta g la n d in s  a t  24  and 48 h co rresp o n d  
t o  t h e  appearan ce  o f  t h e  in f la m m a to r y  resp onse  and DOMS 
( B a n s i l ,  1 9 8 4 ) .  P r o s ta g la n d in s  a r e  th o u g h t  t o  make th e  
p a r a v a s c u la r  p a in  r e c e p t o r s  more s e n s i t i v e  r a t h e r  th a n  
a c t u a l l y  c a u s in g  p a in  (Juan e t  a l . ,  l 9 7 4 a 1974^, 1976 ,
1 9 7 7 ) .  W h ile  a s p i r i n  was e x p e c te d  t o  p r o v id e  some r e l i e f  
from  p a in  by i n t e r f e r i n g  w i th  p r o s ta g la n d in  f o r m a t io n ,  
such was n o t  th e  case  in  t h i s  e x p e r im e n t .  I t  shou ld  be  
k e p t  in  mind t h a t  th e  RPS i s  a v e r y  s u b j e c t i v e  ty p e  o f  
measurem ent. E v e ry  i n d i v i d u a l ' s  l e v e l  o f  p a in ,  p a in  
t o l e r a n c e ,  and th e  a b i l i t y  t o  d i s c r im in a t e  a c c u r a t e ly  
would c e r t a i n l y  v a r y ,  th u s  p o s in g  a  d i f f i c u l t  ta s k  in  
e v a lu a t in g  o n e 's  RPS. T h is  p ro b lem  c o u ld  account f o r  some 
o f  th e  i n c o m p a t i b i l i t y  between th e  f i n d i n g s  o f  B a n s i l  
(1 9 8 4 )  and t h e  p re s e n t  s tu d y .
32
CPK
T h e re  were s i g n i f i c a n t  d i f f e r e n c e s  a c ro s s  t im e  f o r  
CPK means o f  bo th  groups ( F <4f 90)=6«3 9 » P<0.0001>, b u t  no 
d i f f e r e n c e s  between t h e  groups (T a b le  2 ) .  The c o n t r a s t  
was q u a d r a t ic  f o r  th e  a s p i r i n  group and th e  p la c e b o  group  
(T a b le  5 ) .  The t im e  c o u rs e  o f  CPK was v e r y  s i m i l a r  t o  
t h a t  o f  p r e v io u s  r e p o r t s  (Schwane e t  a l . ,  1983; T i id u s  e t  
a l . ,  1983); th e  CPK in c re a s e d  and peaked a t  24 h a f t e r  
e x e r c is e  and rem ained e le v a te d  w e l l  p a s t  48 h f o r  bo th  
groups (F ig u r e  4 ) .  The peak CPK v a lu e s  exceeded  
p r e - e x e r c is e  l e v e l s  by 353'/. and 276% f o r  th e  p la c e b o  group  
and a s p i r i n  group r e s p e c t i v e l y .  T h is  m agnitude o f  change  
in  CPK has been r e p o r te d  in  o th e r  re s e a rc h  ( Demos e t  a l . ,  
1974; M axwell e t  a l . ,  1982; T i id u s  e t  a l . ,  1983).
T a b le  5
C o n tr a s t  S ta te m e n ts  f o r  CPK*
A s p i r in P re Post 72 48 24
P la c eb o P re Post 72 48 24
*  No s i g n i f i c a n t  d i f f e r e n c e  between sam p lin g  
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Figure 4. Means of CPK across time.
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M axw ell e t  a l . (1 982 ) -found t h a t  t r a i n e d  i n d i v i d u a l s ,
when s t re s s e d  beyond normal t r a i n i n g  l e v e l s ,  e x p e r ie n c e d  
a p p r o x im a te ly  100% in c r e a s e  in  CPK, w h i le  u n t r a in e d  
s u b je c ts  showed in c r e a s e s  o-f about 300%. The l a r g e  
in c re m e n ts  in  t h e  p r e s e n t  d a ta  d e m o n s tra te  t h a t  th e  
s u b je c ts  used were indeed  n o t in v o lv e d  in  r e s i s t i v e  
t r a i n i n g ,  one o-f th e  c r i t e r i a  -for s e l e c t i o n .  Seaman e t  
a l .  (1986 ) r e p o r te d  t h a t  b r ie - f  p e r io d s  o f  t r a i n i n g  
r e s u l t e d  in  decreased  serum CPK and p e r c e iv e d  s o re n e ss  
resp onses  t o  a d d i t i o n a l  heavy work. The m uscle t i s s u e  
a p p a r e n t ly  has th e  a b i l i t y  t o  a d ju s t  t o  s tre n u o u s  work in  
a v e ry  s h o r t  p e r io d  o f  t im e .
In  com paring CPK l e v e l s  a c ro ss  t im e  (T a b le  5 ) ,  
T u k e y 's  s tu d e n t iz e d  ra n g e  t e s t  (a lp h a = 0 .0 5  and df=*65) 
in d ic a t e d  t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between  
24 and 48 h , and t h a t  t h e r e  were no s i g n i f i c a n t  
d i f f e r e n c e s  among th e  means a t  p r e t e s t ,  p o s t t e s t ,  72  h, 
and 48 h . CPK i s  an i n t r a c e l l u l a r  enzyme and any  
d i s r u p t io n  o f  th e  c e l l  membrane or t i s s u e  damage caused by 
unaccustomed work would cause i t s  r e le a s e .  Along w i th  CPK 
b e in g  r e le a s e d ,  p r o s ta g la n d in s  would be fo rm ed . As 
m entioned e a r l i e r ,  p r o s ta g la n d in s  a r e  r e le a s e d  as a r e s u l t  
o f  hormonal in f lu e n c e ,  m echan ica l s t im u la t io n  a n d /o r  
d i s r u p t io n  o f  th e  c e l l  membrane and correspo nd  t o  
appearan ce  o f  th e  in f la m m a to ry  resp o n se . Because t h e r e
H
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were no s i g n i f i c a n t  d i f f e r e n c e s  in  CPK between groups  
a c ro s s  t im e  and th e  t im e  courses  f o r  CPK were n o t  
s i g n i f i c a n t l y  d i f f e r e n t  between th e  a s p i r i n  and p la c e b o  
g ro u p s , w h eth er p r o s ta g la n d in s  were h o rm o n a l ly  o r  
m e c h a n ic a l ly  m e d ia te d , a s p i r i n  c l e a r l y  had no in f lu e n c e  
upon th e  r e le a s e  o f CPK. A ls o , t o  be no ted  a t  t h i s  t im e ,  
th e  v a s o d i l a t i v e  (PGE2 > o r  v a s o c o n s t r ic t iv e  CPGF2 a * 
e f f e c t s  in  v e n u le s  by p r o s ta g la n d in s  (G iro u d  e t  a l . ,  1974)  
d id  n o t i n t e r f e r e  w i th  th e  u p tak e  o f CPK by th e  v a s c u la r  
system .
C o r r e l a t i o n s
The t im e  co u rs e  f o r  CPK and p r o s ta g la n d in  b o th  
r e f l e c t e d  a v e ry  sharp in c r e a s e  from  p r e - e x e r c is e  l e v e l s  
t o  th e  24 h l e v e l ,  w i th  a g ra d u a l d e c re a s e  back t o  
a p p r o x im a te ly  b a s e l in e  a t  72 h (F ig u r e  5 ) .  A lth o u g h  th e  
t im e  co u rs e s  f o r  CPK and p r o s ta g la n d in s  appear t o  be 
s i m i l a r ,  an i n s i g n i f i c a n t  c o r r e l a t i o n  was found (T a b le  6 ) .  
S in c e  t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  between groups  
f o r  p r o s ta g la n d in s ,  th e  t im e  courses  f o r  CPK and 
p r o s ta g la n d in s  f o r  th e  s e p a ra te  groups were o f  i n t e r e s t  
(F ig u r e s  6  and 7 ) .  Even though th e  means f o r  CPK and 
PGF2 a o f  th e  p lace b o  group (F ig u r e  7) suggest a s tro n g  
r e l a t i o n s h i p ,  v a r i a b i l i t y  r e s u l t e d  in  a s u r p r i s i n g l y  low  
and i n s i g n i f i c a n t  c o r r e l a t i o n  (T a b le  7 ) .  P r e l im in a r y  
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Figure 5. Time courses of CPK and PGF„ metabolite.
T a b le  6
Spearman C o r r e l a t i o n  C o e f f i c i e n t s  and S i g n i f i c a n t  
P r o b a b i l i t y  o f  t h e  C o r r e l a t i o n  f o r  Pooled D a ta .
C o r r e la te d  V a r ia b le s
CPK/PG CPK/RPS PG/RPS
r =  0 .1 2 0 2  0 .3 1 0 6  - 0 . 0 3 7 5
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Figure 6. Time course of CPK and PGFgg metabolite 




































Time course for CPK and PGFoa metab°lite 
within the placebo group. a
T a b le  7
Spearman C o r r e l a t i o n  C o e f f i c i e n t s  and th e  S i g n i f i c a n t  
P r o b a b i l i t y  o f  th e  C o r r e l a t i o n  f o r  Each Group.
Group
A s p i r in  r  
P
P la ce b o  r 1 
P1
C o r r e la te d  v a r i a b le s
CPK/PG
- 0 .0 6 6 7
0 .6 5 9 9
0 .2 2 5 4  
0 .1 3 6 6
CPK/RPS
0 .3 2 7 9
0 .0 2 6 1
0 .3 0 3 3
0 .0 4 2 8
PG/RPS
- 0 .0 0 7 5
0 .9 6 0 4
0 .0 4 1 5
0 .7 8 2 8
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CPK and P6 F 2 a n o t s u r p r is in g  (T a b le  7 ) .
The po o led  d a ta  o f RPS and CPK (F ig u r e  8 ) and 
p r o s ta g la n d in  and RPS (F ig u r e  9 ) show t h a t  th e  RPS 
fo l lo w e d  e s s e n t i a l l y  t h e  same t im e  co u rs e  as CPK and 
p r o s ta g la n d in s .  However, t h e r e  was an i n s i g n i f i c a n t  
c o r r e l a t i o n  between RPS and p r o s ta g la n d in ,  w h i le  CPK and 
RPS were s i g n i f i c a n t l y  c o r r e l a t e d ,  both  f o r  po o led  group  
d a ta  (T a b le  6 ) and w i t h in  each group (T a b le  7 ) .
I t  has been e s t a b l is h e d  t h a t  p r o s ta g la n d in s  do n o t  in  
th e m s e lve s  cause p a in ,  b u t s e n s i t i z e  th e  p a in  r e c e p to r s  
and p o t e n t i a t e  th e  e f f e c t s  o f  b r a d y k in in  and h is ta m in e  
( F e r r e r i a ,  1972; Glenn e t  a l . ,  1971; Konze e t  a l . ,  1971;
Lew is  e t  a l . ,  1975; Moncada e t  a l . ,  1973; Whedan, 1 9 7 4 ) .  
R eg re s s io n  o f  p r o s ta g la n d in  by th e  in g e s t io n  o f  a s p i r i n  
would th u s  be e xp ected  t o  in f lu e n c e  RPS, b u t  t h i s  does n o t  
o c c u r .  Not o n ly  were t h e r e  no group d i f f e r e n c e s  in  RPS, 
th e  poor c o r r e l a t i o n  between RPS and p r o s ta g la n d in s  p a in t s  
t o  th e  f a i l u r e  o f a s p i r i n  t o  have th e  exp ec ted  b e n e f i c i l  
e f f e c t .  Even though th e  t im e  co u rs e s  f o r  CPK, 
p r o s ta g la n d in  and RPS were a l l  s i m i l a r ,  o n ly  CPK and RPS 
were s i g n i f i c a n t l y  c o r r e l a t e d  (T a b le  6 ) .
Concl us io n
In  c o n c lu s io n ,  t h i s  s tu d y  has shown a p o s i t i v e  
r e l a t i o n s h i p  between CPK and RPS, th u s  s u g g e s t in g  t h a t  
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w h i le  p e r fo rm in g  a w e i g h t - l i f t i n g  t a s k .  The fo r m a t io n  o f  
p r o s ta g la n d in s  o r  t h e  in f la m m a to ry  resp onse  a s s o c ia te d  
w ith  th e  fo r m a t io n  o f  p r o s ta g la n d in s  does n o t appear t o  
i n f lu e n c e  t h e  l e v e l s  o f  CPK o r  th e  s u b j e c t s ’ RPS.
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The purpose o-f t h i s  s tu d y  w i l l  be t o  g a in  - fu r th e r  
knowledge and u n d e rs ta n d in g  o f  th e  mechanisms o f  d e la y e d  
m uscle s o ren ess  t h a t  i n d i v i d u a l s  e x p e r ie n c e  a f t e r  heavy  
b o u ts  o f  e x e r c is e .  The in f o r m a t io n  g a in e d  w i l l  p r o v id e  
f u r t h e r  i n s i g h t  i n t o  t h e  cause and p o s s ib le  p r e v e n t io n  o f  
t h i s  phenomenon. The t im e  in v e s te d  by th e  s u b je c ts  w i l l  
be 3 t o  4 h rs  o v er  a 21 day p e r io d .
REQUIREMENTS FOR PARTICIPATION
W eight l i f t i n g
A l l  s u b je c ts  w i l l  be p r o p e r ly  in s t r u c t e d  on 
s t r e t c h i n g ,  warming up , and how t o  p e r fo rm  a s q u a t .  On 
two o c c a s io n s , s e p a ra te d  by a p p r o x im a te ly  one week, each  
s u b je c t  w i l l  be r e q u i r e d  t o  d e te rm in e  by t r i a l  and e r r o r  
t h e  h e a v ie s t  w e ig h t  t h a t  he can l i f t  once (1RM). S u b je c ts  
w i l l  a g re e  t o  n o t p e r fo rm  any s tre n u o u s  w o rkou ts  o r  
e x e r c is e  f o r  4 days p r i o r  t o  th e  t e s t .  Upon r e t u r n in g  t o  
th e  l a b ,  th e  s u b je c t  w i l l  warm up and th en  p e r fo rm  3 s e ts  
o f  10 r e p e t i t i o n s  o f  s q u a ts  a t  a p p r o x im a te ly  70*/. o f  1RM. 
S oreness r e s u l t i n g  fro m  th e  w orkout w i l l  occur between 1 
and 4 days p o s t - e x e r c is e ,  b u t  w i l l  n o t  be s e v e re  enough t o  
h in d e r  normal a c t i v i t i e s .  S u b je c ts  w i l l  a g re e  n o t  t o
55
p e r fo rm  any work o r  v ig o ro u s  p h y s ic a l  a c t i v i t y  f o r  a  
p e r io d  o f  72  h p o s t - e x e r c is e .
M e d ic a t io n
Each s u b je c t  must co m p le te  a h e a l t h  q u e s t io n n a i r e  
r e l a t i n g  t o  p r e v io u s  prob lem s in  t a k in g  a s p i r i n .  S u b je c ts  
w i l l  r e f r a i n  from  in g e s t in g  a s p i r i n  o r  any o th e r  
a n t i - i n f l a m m a t o r y  drug  f o r  a p e r io d  o f  two weeks p r i o r  t o  
t h e  t e s t .  Depending upon th e  group t o  w hich th e y  a r e
random ly  a s s ig n e d , s u b je c ts  w i l l  be asked t o  t a k e  a s p i r i n  
o r  a p la c e b o  o r a l l y ,  w i th  no knowledge as t o  which th e y
a r e  t a k in g .  Dosages w i l l  be 1 gm, 3 t im e s /d a y ,  t o t a l i n g
3gm /day. The s u b je c t  w i l l  be asked t o  b e g in  in g e s t in g  th e  
m e d ic a t io n ,  a p p r o x im a te ly  one week a f t e r  th e  l a s t  1RM t e s t  
( th e  day p r i o r  t o  a c tu a l  w o rko u t) and t o  c o n t in u e
th ro u g h o u t  th e  re m a in d e r  o f  th e  e x p e r im e n t <4 d a y s ) .  The 
amount o f  a s p i r i n  t o  be a d m in is te re d  i s  w i t h i n  t h e  norm al 
p r e s c r i p t i o n  f o r  r e d u c t io n  o f  p a in  a n d /o r  in f la m m a t io n .  
S u b je c ts  c o u ld  e x p e r ie n c e  some s i d e - e f f e c t s  w h i le  
in g e s t in g  a s p i r i n  a t  t h i s  dosage l e v e l .  Some o f  th e  
s i d e - e f f e c t s  c o u ld  in c lu d e  t i n n i t u s  ( r in g in g  in  th e  e a r s ) ,  
s k in  r a s h ,  u p s e t  stomach o r  g a s t r o i n t e s t i n a l  p ro b lem s ,  
l i v e r  damage, nausea and v o m it in g ,  and in  r a r e  c a s e s ,  
u l c e r a t i o n  and hem orrhage. In c re a s e d  b le e d in g  c o u ld  occu r  
due t o  th e  i n h i b i t i o n  o f  p l a t e l e t  a g g r e g a t io n ;  t h e r e f o r e ,
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no s u rg e ry  o r  d e n ta l  work sh o u ld  be p lan n ed  -for one month 
a f t e r  p a r t i c i p a t i o n  in  t h i s  p r o j e c t .  I f  any o f  th e s e  
symptoms o c c u r ,  th e  s u b je c t  s h o u ld  c o n ta c t  Doug B o a tw r ig h t  
(9 2 7 -3 6 2 7 )  and t h e i r  p e rs o n a l p h y s ic ia n  o r  Dean K ir b y ,  
M .D . ,  S tu d e n t H e a l th  S e r v ic e s  a t  LSU ( 3 8 8 - 6 2 7 1 ) .
B lood c o l l e c t i o n
A r e g i s t e r e d  n u rs e  w i l l  p e r fo rm  a v e n ip u n c tu r e  o f  th e  
m ed ia l c e p h a l ic  o r  c u b i t a l  v e in  in  o r d e r  t o  draw  
a p p r o x im a te ly  10 ml o f  b lo o d .  T h is  p ro c e d u re  w i l l  be 
p erfo rm ed  b e fo r e  and im m e d ia te ly  a f t e r  e x e r c is e ,  and a t  24  
h i n t e r v a l s  f o r  th e  n e x t  3 days . Even though t h i s  i s  a 
v e ry  common p ro c e d u re ,  t h e r e  i s  a p o s s i b i l i t y  o f  a 
hematoma (b lo o d  c l o t )  o r  i n f e c t i o n .  E v e ry  p r e c a u t io n  w i l l  
be ta k e n  t o  m in im iz e  th e s e  r a r e  o c c u rre n c e s .
Soreness e v a lu a t io n
P r i o r  t o  th e  v e n ip u n c tu r e ,  th e  s u b je c t  w i l l  be asked  
t o  r e p l i c a t e  th e  a c t io n  o f  p e r fo rm in g  a s q u a t  w i th o u t  any  
w e ig h t .  Upon c o m p le t io n  o f  t h i s  t a s k ,  t h e  s u b je c t  w i l l  
g iv e  a v e rb a l  assessment as  t o  th e  d e g re e  o f  s o re n e s s .
An e x e r c is e  p h y s io lo g is t  w i l l  d i r e c t l y  s u p e r v is e  a l l  
t r a i n i n g  and t e s t i n g  in  o r d e r  t o  m in im iz e  t h e  p r o b a b i l i t y  
o f  d i f f i c u l t i e s  t h a t  m igh t be a s s o c ia te d  w i th  t h i s  
p r o j e c t .  W ith  t h i s  u n d e rs ta n d in g ,  th e  s u b je c t  w i l l  be
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r e q u ir e d  t o  assume p e rs o n a l r e s p o n s i b i l i t y  f o r  th e  
t r e a tm e n t  o f  c o m p l ic a t io n s  which m igh t a r i s e  as  a r e s u l t  
o f  p a r t i c i p a t i o n  in  t h i s  s tu d y .
I f  a t  any t im e  a s u b je c t  needs any f u r t h e r  
e x p la n a t io n  o f  c e r t a i n  a s p e c ts  o f  t h i s  re s e a rc h  p r o j e c t ,  
c o n ta c t  Doug B o a tw r ig h t  a t  9 2 7 -3 6 2 7  o r  3 8 8 -2 0 3 6 .  Any 
f u r t h e r  prob lem s can be d i r e c t e d  t o  D r .  Ronald B yrd ,  
D i r e c t o r  o f  t h e  School o f  HPERD (3 8 8 - 2 0 3 6 ) .
CONFIDENTIAL INFORMATION 
The in fo r m a t io n  o b ta in e d  in  t h i s  s tu d y  w i l l  be 
t r e a t e d  as p r i v i l e g e d  and c o n f i d e n t i a l  and w i l l  n o t  be  
r e le a s e d  o r  r e v e a le d  t o  any person w i th o u t  t h e  s u b j e c t ' s  
expressed  w r i t t e n  c o n s e n t.  The in fo r m a t io n  o b ta in e d  w i l l  
be used f o r  a s t a t i s t i c a l  o r  s c i e n t i f i c  p u rp o s e , w i th  th e  
s u b j e c t ’ s r i g h t  o f  p r iv a c y  r e t a i n e d .
STATEMENT OF CONSENT 
I ( s u b j e c t )  have re a d  th e  fo r e g o in g  d e s c r i p t io n  o f  th e  
proposed s tu d y ,  and I  f u l l y  u n d e rs tan d  i t .  Any q u e s t io n s  
which may have o c c u rre d  have been answered t o  my 
s a t i s f a c t i o n  by t h e  r e s e a r c h e r s .  My d e c is io n  as t o  
w h eth er  t o  p a r t i c i p a t e  w i l l  n o t  p r e ju d ic e  my f u t u r e  
r e l a t i o n s  w i th  L o u is ia n a  S t a t e  U n i v e r s i t y  in  any way. I f  
I  d e c id e  t o  p a r t i c i p a t e ,  I  am f r e e  t o  w ith d ra w  my co n sen t  
and t o  d is c o n t in u e  p a r t i c i p a t i o n  a t  any t im e  w i th o u t  
p r e ju d ic e .
HAVING READ THE INFORMATION PROVIDED ABOVE, MY 




( s u b je c t )




( I n v e s t i g a t o r )




The purpose o-f t h i s  -form i s  t o  d e te rm in e  your  
s e n s i t i v i t y  t o  a s p i r i n .  T h is  in - fo rm a tio n  w i l l  a id  th e  
r e s e a r c h e r  in  s c re e n in g  t h e  s u b je c ts .
1. A re  you s e n s i t i v e  t o  a s p i r i n  ?
YES ( ) NO ( )
2 .  Have you had any p r e v io u s  b le e d in g  d is o r d e r s  ?
Yes ( ) NO ( )
3 .  Have you had any p r e v io u s  stomach d is o r d e r s  ?
YES ( ) NO < >
4 .  Have you had an u l c e r  ?
YES ( ) NO ( )
5 .  Have you had any p r e v io u s  l i v e r  d is o r d e r s  ?
YES ( ) NO ( )
6 .  Have you had any p re v io u s  r e n a l  d is o r d e r s  ?
YES ( ) NO ( )
7 .  Do you have asthma ?
YES < ) NO ( )
8 .  Do you have any a l l e r g i e s  ?
YES ( ) NO ( )
9 .  Are you c u r r e n t l y  t a k in g  any m e d ic a t io n  ?
YES ( ) NO ( )
10. What i s  your norm al a lc o h o l ic  consum ption ?
( ) None ( ) L ig h t  ( ) M o d e ra te  < ) Heavy
P le a s e  comment, on th e  back o f t h i s  page, on any q u e s t io n  
1 t o  9 t h a t  was answered. YES.
S ig n a tu r e  ____________________ D ate
W itn ess  ____________________
APPENDIX B
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MODIFIED ABRAHAM'S SCALE 
FOR THE
ASSESSMENT OF MUSCLE SORENESS
SCALE CRITERIA
0 . 0    C om plete  absence o f  so re n e ss
0 . 5
1 .  0 --------------  L ig h t  p a in  f e l t  upon movement
1 .5
2 . 0  --------------  Some s t i f f n e s s  a n d /o r  weakness
d u r in g  movement
2 . 5
3 . 0  --------------  D is t r e s s in g  p a in  which l i m i t s  th e
ra n g e  o f  movement
N o te :  The h a l f  in c re m e n ts  were added t o  th e  o r i g i n a l  
Abraham’ s s c a le  t o  a l lo w  th e  s u b je c ts  t o  e n te r  a  number i f  
th e  s u b je c t  f e l t  th e  l e v e l  o f  so re n ess  was between any two  
l e v e l s  w i th  v e r b a l  d e s c r i p t o r s .
APPENDIX C
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CREATINE KINASE ASSAY 
A Sigma k i t ,  #520  c o l o r i m e t r i c  as say , was used -for 
th e  CK plasm a a n a ly s is .  The assay  was read  on a H i t a c h i ,  
model 1 0 0 -4 0 ,  s p e c tro p h o to m e te r  a t  520  nm.
P rocedure :
1. A 0 . 5  ml o f  p h o s p h o c re a t in e  s o lu t io n  was combined  
w ith  0 .0 1  ml o f  p lasm a and 0 .1  ml o f  w a te r .  T h is  
s o lu t io n  was a l lo w e d  t o  e q u i l i b r a t e  in  a w a te r  b a th  
a t  37°C  f o r  5 m in.
2 .  The r e a c t io n  was s t a r t e d  by add ing  0 . 2  ml 
A D P -G lu ta th io n e  s o l u t i o n .  An in c u b a t io n  p e r io d  o f  
30  min in  a 37°C  w a te r  b a th  f o l lo w e d .
3 . The r e a c t io n  was stopped by adding  0 . 2  ml o f
p -h y d ro x y m e rc u r i  b e n zo a te  s o l u t i o n .
4 .  The m ix tu r e  was d e p r o t e in iz e d  by add ing  1 .0  ml 
a -N a p th o l  s o l u t i o n ,  1 .0  ml D ia c e t y l  s o lu t io n  and
7 .0  ml o f  w a te r ,  th e n  p la c e d  in  a w a te r  b a th ,
3 7 °C , f o r  20 min.
5 .  The s o lu t io n  was th e n  c e n t r i f u g e d  a t  1500 rpm f o r
5 m in, t o  a l lo w  th e  p r e c i p i t a t e  t o  s e t t l e  o u t .
6 . Two ml o f  s o lu t io n  was p i p e t t e d  i n t o  c u v e t te s  and
re ad  w i t h in  10 min a f t e r  b e in g  c e n t r i f u g e d .
A s ta n d a rd  c u rv e  was ru n  w i th  each b a tc h .  Absorbance  
was p l o t t e d  a g a in s t  c o r re s p o n d in g  i n t e r n a t i o n a l  u n i t s  
( I U ) .  A l l  v a lu e s  were r e p o r te d  in  IU .
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SALICYLATE ftSSftV 
The s a l i c y l a t e  plasm a l e v e l s  were measured w i th  a 
Sigma c o l o r i m e t r i c  k i t  # 5 3 0 . I t  was re a d  a t  540  nm on a 
H i t a c h i ,  model 1 0 0 -4 0 ,  s p e c tro p h o to m e te r .
Procedures
1. A 2 . 0  ml s a l i c y l a t e  b la n k  re a g e n t  was added t o  a 
b la n k  tu b e ,  t o  a s ta n d a rd  tu b e ,  and t o  each o f  th e  
sample tu b e s .
2 . 0 . 2  ml o f  w a te r  was added t o  th e  b la n k  tu b e .
0 .2  ml o f  s a l i c y l a t e  s ta n d a rd  s o lu t io n  was added 
t o  th e  s ta n d a rd  tu b e .  0 . 2  ml o f  plasm a was added 
t o  each o f  th e  sample tu b e s .
3 .  The i n i t i a l  absorbance ( In A )  was d e te rm in e d  in  a l l  
tu b e s ,  z e r o in g  w i th  th e  b la n k  tu b e .
4 .  0 .0 2  ml o f  s a l i c y l a t e  c o lo r  re a g e n t  was added t o
e v e ry  tu b e  and a l lo w e d  t o  rem ain  a t  room 
te m p e ra tu re  f o r  5  min.
5 .  Again  z e r o in g  w i th  th e  b la n k  tu b e s  and re a d in g  th e  
f i n a l  absorbance (F in A ) was done f o r  a l l  th e  tu b e s .
6 . S a l i c y l a t e  l e v e l s  were c a lc u la t e d  as f o l lo w s :
s a l i c y l a t e  ( ma/ dL) = t e s t ) ft 25
( F in A - In A  S td )
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PGFg^  METABOLITE ASSftY 
An RIA  was run  t o  d e te rm in e  t h e  amount o f  P ^ ^ a  
m e t a b o l i t e  p r e s e n t  in  t h e  p lasm a. T h is  assay  r e q u ir e d  
e s s e n t i a l l y  one week t o  ru n t  s e t  was up on Monday, th e  
assay  was begun on Tuesday, and th e  co u n t was made on 
F r id a y .  The c o m p le te  assay  was run  in  Beckman b i o v i a l s ,  
th u s  no t r a n s f e r r i n g  o f  s o lu t io n s  between c o n ta in e r s  
d u r in g  th e  assay  was n e c e s s a ry .  A l l  tu b e s  were numbered 
in  o rd e r  from  1 t o  2 2 4 . Tubes 1 t o  3 c o n ta in e d  th e  t o t a l  
c o u n t ,  o r  how much t r a c e r  (1 3 ,
1 4 -D ih y d r o -1 5 -K e to C 5 ,6 , 8 , 9 , 1 1 , 1 2 , 14<n)-^H 3  p r o s ta g la n d in  
F2a* was added each tu b e .  N o n s p e c i f ic  b in d in g  was in  
tu b e s  4 t o  6 and t o t a l  b in d in g  was in  tu b e s  7 t o  9 and 216  
t o  2 1 8 . The s ta n d a rd  c u rv e  was d u p l i c a t e d ,  w i th  6 tu b e s  
b e fo r e  th e  sam ples and a t  th e  end o f th e  sam ples . A l l  
sam ples were re a d  w i th  a Beckman l i q u i d  s c i n t i l l a t i o n  6800  
c o u n te r  t o  a + IV. c o u n t in g  e r r o r .
P ro c e d u re :
1. B u f f e r  -  Phosphate b u f fe r e d  s a l i n e  (PBS, pH 7 . 0 )  -  
g e l a t i n  ( 0 . 1 */.) was used as an in c u b a t io n  b u f f e r .
The n o n s p e c i f ic  and t o t a l  b in d in g  tu b e s  (4  t o  9) 
r e c e iv e d  0 . 5  ml P B S -g e l . A l l  o f  th e  sample tu b e s  
r e c e iv e d  0 . 3  ml P B S -g e l.  The s ta n d a rd  c u rv e  tu b e s  
r e c e iv e d  in  o rd e r  0 . 0 ,  0 .3 7 5 ,  0 .4 6 9 ,  0 .4 9 2 ,  0 .4 9 8 ,  
and 0 . 5  ml o f  P B S -g e l.
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2 .  D i l u t i o n  -  In  t h i s  RIA p r o to c o l  th e  PB S-gel p lu s
th e  sample was 0 . 5  ml; t h e r e f o r e ,  0 . 2  ml o-f sample
was used . A l l  sam ples were d u p l ic a t e d .
3 .  S ta n d a rd  c u rv e  -  A s ta n d a rd  s o lu t io n  <100 ng/m l
P B S -g e l)  was p re p a re d  j u s t  p r i o r  t o  th e  as sa y .
The s ta n d a rd  c u rv e  tu b e s  r e c e iv e d  in  o r d e r  0 . 5 ,  
0 .1 2 5 ,  0 .0 3 1 ,  0 .0 0 8 ,  0 .0 0 2 ,  and 0 .0 0 0 5  ml o f  
s ta n d a rd  s o l u t i o n .
4 .  The n o n s p e c i f ic  b in d in g  tu b e s  r e c e iv e d  0 . 2  ml o f  
normal r a b b i t  serum as th e  f i r s t  a n t ib o d y .
5 .  Tubes 7 t o  244 r e c e iv e d  0 . 2  ml o f  th e  f i r s t  
a n t ib o d y .
6 . A l l  tu b e s  r e c e iv e d  0 .1  ml o f  t r a c e r ,  13, 1 4 -D ih y d r o -
1 5 -K e to  1 5 , 6 , 8 , 9 , 1 1 , 1 2 , 1 4  <n) -  3HD PGF2 a »
The tu b e s  were v o r te x e d  and in c u b a te d  o v e r n ig h t  in  
th e  d a rk  a t  4 °C .
7 .  A second a n t ib o d y ,  A n t i - r a b b i t  gamma g l o b u l i n ,  was 
added, 0 . 2  m l. The tu b e s  were v o r te x e d  and s to r e d  
f o r  48 h rs  in  th e  d a rk  a t  4 °C .
8 . P B S -g e l,  1 .8  m l, was added t o  tu b e s  4 t o  2 4 4 , and 
was c e n t r i f u g e d  a t  4300 rpm a t  4°C  f o r  40  m in.
9 .  The s u p e rn a ta n t  was d ecanted  and th e  p r e c i p i t a n t  
d is s o lv e d  in  0 . 3  ml o f  0 .0 5  N NaOH.
10. T h re e  m i l l i l i t e r s  o f  l i q u i d  s c i n t i l l a t i o n  c o c k t a i l  
was added, then  t h e  tu b e s  were capped, and c o u n te d .
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11. D a ta  a n a ly s is  -  The RIA  d a ta  was com puter  
a n a ly z e d  u s in g  th e  program des ign ed  by  
Duddleson e t  a l . ( 1 9 7 2 ) .  The program  p e rfo rm s  a
l o g i t  t r a n s fo r m a t io n  on th e  d a ta  o b ta in e d  -from a 
s ta n d a rd  c u rv e  and computes th e  mean l e v e l  o f  
a n t ig e n  w i th  a 957. c o n f id e n c e  l i m i t  f o r  each sam ple .
APPENDIX D
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METABOLIC COST OF CIRCUIT WEIGHT TRAINING
In  an e a r l y  i n v e s t i g a t i o n  on c i r c u i t  w e ig h t  t r a i n i n g  
(CWT), f o u r  e x e r c is e s  w i th  e ig h t  r e p e t i t i o n s  each r e s u l t e d  
in  a m e ta b o l ic  c o s t  o f  6 K c a l /m in .  These r e s u l t s  can be 
compared t o  w a lk in g  on a le v e l  s u r fa c e  a t  4 mph (M cA rd le  
e t  a l . ,  1 9 6 9 ) .
W ilm ore  e t  a l . (1 9 78 )  found t h a t  th e  energy  expended
f o r  c i r c u i t  w e ig h t  t r a i n i n g  -  10 s t a t i o n s ,  3 s e ts  o f  15 t o  
18 r e p e t i t i o n s  a t  4 0 7. o f  a one r e p e t i t i o n  maximum <1RM), 
30 s e c /s e t  w i th  15 sec between s e ts  -  r e s u l t e d  in  th e  
e x p e n d i tu r e  o f  9 . 0  and 6 .1  K c a l /m in  f o r  men and women, 
r e s p e c t i v e l y .  They in d ic a t e d  t h a t  th e  en e rg y  expended was 
d i r e c t l y  p r o p o r t io n a l  t o  th e  i n d i v i d u a l ' s  body w e ig h t ,  
n o t in g  t h a t  th e  LBW v a lu e s  were 8 .1  and 8 . 2  K c a l /k g  
LBW/min. A p r e d i c t i v e  energy  e x p e n d i tu re  e q u a t io n  was 
d e r iv e d  from  t h i s  s tu d y :  T o ta l  K c a ls  = 1 .1 5  *  w e ig h t
( lb s )  + 6 . 0 5 .  Settm an e t  a l . (1981) r e p o r te d  s i m i l a r
f i n d i n g s .  T h e i r  s u b je c ts  com pleted  th r e e  c i r c u i t s  o f  
seven i s o k i n e t i c  e x e r c is e s  w i th  12 r e p e t i t i o n s  each and 30  
seconds o f  r e s t  between s e t s .  Two t e s t s  were p erfo rm ed  by  
each s u b j e c t ,  a s lo w -sp eed  (6 0 ° /s e c )  and a f a s t -s p e e d  
< 1 2 0 ° /s e c ) .  S tone e t  a l . (1979) r e p o r te d  t h a t  9 . 0
K c a l /m in  w ere  expended f o r  Olym pic l i f t e r s  f o r  a 
p r e p a r a t o r y  phase w orkout and 7 . 5  K c a l /m in  were expended
70
on a w e ig h t  machine w h i le  p e r fo rm in g  a g e n e ra l  body  
r o u t i n e  (H ickson  e t  a l , 1 9 8 4 ) .  The t o t a l  c o s t  depended  
upon th e  d u r a t io n  o f  a c t i v i t y  as w e l l  as th e  c a l o r i c  c o s t  
p e r  m in. Championship w e ig h t  l i f t e r s  have been shown t o  
expend a ra n g e  o f  400  t o  1800 K c a l /d a y  ( L a r i t c h e v a  e t  a l . ,  
1 9 7 8 ) .
The p o t e n t i a l  f o r  s i g n i f i c a n t  c a l o r i c  e x p e n d i tu r e  
from  w e ig h t  l i f t i n g  has been d e m o n s tra te d . The purpose o f  
t h i s  s tu d y  was t o  d e te rm in e  th e  m e ta b o l ic  c o s t  o f  
p erfo rm a n ce  on a s i x - s t a t i o n  c i r c u i t ,  w i th  t h r e e  s e ts  o f  
te n  r e p e t i t i o n s  t o  neat— maximal e f f o r t  a t  each s t a t i o n .  
T h is  i s  a p r o to c o l  t h a t  i s  in  f r e q u e n t  use w i th  c la s s e s  
t h a t  a r e  o f  r e l a t i v e l y  s h o r t  d u r a t io n  and w i th  s tu d e n ts  
whose p r im a ry  goal i s  s t r e n g th  and h y p e r tro p h y  r a t h e r  th a n  
some s o r t  o f  endu rance .
METHODS
Seventeen m a les , ra n g in g  in  age from  17 t o  2 1 ,  
v o lu n te e r e d  t o  p a r t i c i p a t e .  Each s u b je c t  re a d  and s ig n ed  
a consent fo rm . Mean h e ig h t  and w e ig h t  were 1 .8  m and 
8 1 .6  kg, r e s p e c t i v e l y .
Upon r e p o r t in g  t o  th e  l a b o r a t o r y ,  each s u b je c t  r e s te d  
in  a s i t t i n g  p o s i t io n  f o r  10 m in . D u r in g  th e  l a s t  m in u te  
o f  r e s t ,  oxygen consum ption (Vo2 ) was d e te rm in e d .  
In s p i r e d  v e n t i l a t o r y  m in u te  volumes were d e te rm in e d  w i th  a
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Pneumoscan, model 11A. E x p ire d  a i r  was c o l l e c t e d  in  50  L 
m e te o r o lo g ic a l  b a l lo o n s ,  w i th  O2  and C02 p e rc e n ta g e s  
d e te rm in e d  u s in g  a Beckman OM-11 and LB -2  gas a n a ly z e r s .  
Gas c o l l e c t i o n s  p e r io d s  w ere : (1 )  20  sec o f  each e x e r c is e ,  
(2 )  1 min between s e t s ,  (3 )  3min r e s t  between s t a t i o n s ,  
and (4 )  5 min r e s t  f o l lo w in g  th e  f i n a l  s e t .
E x e r c is e  r a t e s  w ere  c o n t r o l l e d  by a metronome a t  10 
r e p e t i t i o n s  in  20 s e c , w i th  a l l  t h r e e  s e ts  a t  each s t a t i o n  
b e in g  com ple ted  p r i o r  t o  moving t o  th e  subsequent s t a t i o n .  
The e x e r c is e s ,  in  o r d e r ,  w ere: s e a te d  p re s s ,  le g  p r e s s ,
bench p r e s s ,  l a t  p u l l s ,  s i t - u p s ,  and arm c u r l s .
C a l o r ic  e q u iv a le n t s  were o b ta in e d  u s in g  5 . 0  K c a l /1  
Vo2 - D e s c r ip t i v e  d a ta  were c a lc u la t e d  f o r  each e x e r c is e  
and r e c o v e r y  p e r io d .
RESULTS AND DISCUSSION 
The t o t a l  c o s t  o f  th e  6 min e x e r c is e  and 30 min t o t a l  
r e c o v e r y  was 172 c a l o r i e s .  F ig u r e  1 i l l u s t r a t e s  c l e a r l y  
t h a t  r e c o v e r y  was n o t  c o m p le te  a t  th e  c e s s a t io n  o f  d a ta  
c o l le c t io n ) ;  t h e r e f o r e ,  one m igh t assume a c o s t  ro u g h ly  
e q u iv a le n t  t o  w a lk in g  o r  jo g g in g  abou t two m i le s .
A c a l o r i c  e x p e n d i tu r e  o f  4 . 8  K c a l /m in  was r e a l i z e d  
o v e r  th e  36  m in . T h is  v a lu e  was w e l l  be low  t h a t  o f  
W ilm ore  e t  a l . (19 78 ) and a t  th e  lo w e r  end o f  th e  ra n g e
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Figure 1. Metabolic cost by sets.
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o f  th e  en erg y  was expended d u r in g  work and 827. in  r e c o v e r y  
i s  r e f l e c t i v e  o f  th e  a n a e ro b ic  n a tu r e  o f  th e  work done. 
T h is ,  c o u p led  w i th  th e  a p p a re n t  in ad eq uacy  o f  th e  r e c o v e r y  
p e r io d s ,  r e s u l t e d  in  a c u m u la t iv e  e f f e c t  a c ro ss  s e t s .  
Because o f  th e  in c o m p le te  r e c o v e r ie s  and a p o s s ib le  
c u m u la t iv e  e f f e c t  a c ro s s  s t a t i o n s ,  t h e r e  was no a p p a re n t  
r e l a t i o n s h i p  between m uscle  mass o r  w e ig h t  l i f t e d  and 
c a l o r i c  c o s t  (T a b le  1 ) .  T h is  appears  p a r a d o x ic a l  s in c e  
c o n je c t u r e  would l o g i c a l l y  le a d  one t o  e x p e c t  a s t ro n g  
p o s i t i v e  r e l a t i o n s h i p  between work done and c a l o r i e s  
expended.
I t  was concluded  t h a t  t h i s  m oderate  workbout e l i c i t e d  
a m e ta b o l ic  e x p e n d i tu r e  t h a t  m ight be o f  v a lu e  in  h e lp in g  
t o  m a in ta in  h e a l t h .  I f  t h i s  s h o r t  p e r io d  o f  
n o t - s o - i n t e n s e  e x e r c is e  i s  b e n e f i c i a l ,  th e  work done by  
s e r io u s  w e ig h t  l i f t e r s  in  t r a i n i n g  m igh t be ex p e c te d  t o  
c o n fe r  p r o p o r t i o n a t e l y  g r e a t e r  b e n e f i t s .
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T a b le  1
W eights  Used and M e ta b o l ic  C osts  o f  E x e rc is e s  (K c a l )
E x e rc is e  WT S e t  Rec S e t  Rec S e t  Rec T o ta l  
(3  x 10) (kg) 1 1 2  2 3 3 Cost
Seated
P ress  3 9 .0  .2 3  . 8 3  .2 5  .8 8  .3 9  2 .3 6  4 .9 4
Leg
P ress  1 1 4 .8  .3 1  1 .1 7  .4 9  1 .4 1  .4 1  2 .9 9  6 .3 8
Bench
P ress  6 0 .3  .3 0  .8 9  .3 5  .9 9  .4 0  2 .6 7  5 .6 0
L a t  P u l l  4 0 .4  .3 7  1 .0 0  .4 2  1 .0 1  .'46 2 .6 2  5 .8 8
S i t -U p s  --------------.3 1  1 .0 3  .3 3  1 .0 5  .3 3  2 .7 2  5 .7 7
Arm
C a r ls  2 0 .4  .3 0  . 9 2  .3 7  1 .1 7  .4 1  2 .5 5  5 .7 2
.3 0  .9 7  .3 7  1 .0 9  .4 0  2 .6 5  5 .7 2
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P r e d ic t io n  o f  th e  C a lo r ic  Cost 
o f  th e  Bench P ress
T h a t a s i g n i f i c a n t  c a r d io v a s c u la r  s t r e s s  accompanies  
r e s i s t i v e  t r a i n i n g  i s  w e l l  e s t a b l is h e d  ( A l le n  e t  a l . ,  
1976; Byrd e t  a l . ,  1973; H ickson e t  a l . ,  1 9 8 4 ) .
P a r a d o x ic a l l y ,  w h i le  i t  i s  a ls o  ac ce p te d  t h a t  t h e r e  i s  a 
d i r e c t  r e l a t i o n s h i p  between h e a r t  r a t e  and m e ta b o l ic  c o s t  
i n  most e x e r c is e s ,  t h e r e  has lo n g  been d is a g re e m en t as t o  
th e  r e l a t i v e  v a lu e  o f  r e s i s t i v e  t r a i n i n g  in  te rm s  o f  
c a l o r i c  e x p e n d i tu r e  a s s o c ia te d  w i th  th e  l i f t i n g .
S ton e  e t  a l . (1 979 ) found t h a t  a t y p i c a l  p r e p a r a to r y  
phase w orkout by O lym pic l i f t e r s  c o s t  9 . 0  K c a l /m in ,  w h i le  
a g e n e ra l  body r o u t i n e  on a w e ig h t  machine b ro u g h t abou t a 
mean e x p e n d i tu r e  o f  7 . 5  K c a l /m in  (H ickson  e t  a l . ,  1 9 8 4 ) .
L a r i t c h e v a  e t  a l . (1 9 7 8 )  r e p o r te d  t h a t  USSR champion
w e ig h t  l i f t e r s  used from  3 . 4  t o  7 . 8  K c a l /m in  o v e r  9 0 -2 4 0  
min w orkout p e r io d s ,  e n e rg y  e x p e n d i tu r e  b e in g  a f u n c t io n  
o f  th e  volume o f work done. O b v io u s ly ,  th e  t o t a l  c o s t  
depends on th e  d u r a t io n  o f  work as w e l l  as th e  c a l o r i c  
c o s t  p e r  m in; w h i le  in  th e  l a t t e r  s tu d y ,  th e  4 0 0 -1 8 0 0  
K c a l /d a y  r e p r e s e n ts  a w ide  ra n g e ,  t h e r e  i s  c l e a r  p o t e n t i a l  
f o r  s i g n i f i c a n t  c a l o r i c  e x p e n d i tu r e  in  r e s i s t i v e  t r a i n i n g .  
I n d i r e c t  e v id e n c e  o f  a h ig h  c a l o r i c  c o s t  i s  found in  th e  
many e x p e r im e n ts  t h a t  have shown t h a t  reduced body f a t
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accom panies t h e  in c r e a s e d  m uscle mass r e s u l t i n g  -from 
r e s i s t i v e  t r a i n i n g .
B e n e f i c i a l  l i p i d  p r o f i l e  changes accompanying w e ig h t  
t r a i n i n g  s u p p o r t  th e  co n c ep t o f  a l a r g e  m e ta b o l ic  tu r n o v e r  
(Johnson e t  a l . ,  1 9 7 B ) . The v a lu e  o f  heavy work in
m o d ify in g  r i s k  f o r  c a r d io v a s c u la r  d is e a s e  was r e p o r te d  in  
th e  San F r a n c is c o  longshoremen s tu d y  (P a f fe n b a r g e r  S< H a le ,  
1 9 7 5 ) .  I f  one a c c e p ts  t h a t  r e s i s t i v e  t r a i n i n g  does have  
p o t e n t i a l  beyond deve lopm ent o f  s t r e n g t h ,  power, and 
f l e x i b i l i t y ,  th e n  more d e f i n i t i v e  in fo r m a t io n  on th e  
e n e rg y  c o s t  o f  such work would be d e s i r a b l e .  The purpose  
o f  t h i s  s tu d y  was t o  q u a n t i f y  th e  c a l o r i c  c o s t  o f  th e  
bench p re s s  and t o  d ev e lo p  an e q u a t io n  f o r  p r e d i c t i o n  o f  
t h a t  c o s t .
Methods
A h e te ro g e n e o u s  group o f  f o u r  fe m a le  and e le v e n  m ale  
v o lu n t e e r s  s e rv e d  as s u b je c ts  (T a b le  1 ) .  Two fe m a le s  and 
f i v e  m ales w ere  engaged in  r e g u la r  w e ig h t  t r a i n i n g .
Each s u b je c t  l a y  s u p in e  on a s ta n d a rd  w e ig h t  bench  
f o r  10 min p r i o r  t o  b e g in n in g  e x e r c is e .  Oxygen 
consum ption was d e te rm in e d  by s ta n d a rd  open c i r c u i t  
s p ir o m e t r y  u s in g  a P ark inson-C ow an CD-4 d ry  gas m eter  and 
Beckman LB -2  and QM-11 CO2  and O2  a n a ly z e r s .  C a l o r ic  
c o s ts  w ere  e s t im a te d  by assuming 5 K cal p e r  l i t e r  o f
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oxygen consumed. S e p a ra te  measures were ta k e n  a t  r e s t ,  
d u r in g  each s e t  o f  e x e r c is e ,  d u r in g  each o f  th e  p e r io d s  
between s e t s ,  and f o l lo w in g  th e  f i n a l  s e t  u n t i l  th e  oxygen  
consum ption dropped t o  w i t h in  107. o f  t h e  i n i t i a l  r e s t i n g  
v a lu e .  Time between s e t s  was c o n t r o l l e d  a t  e i t h e r  one o r  
two m in.
T a b le  1.
B io m e t r ic  D a ta  f o r  S u b je c ts




Age In  
( y r )  T r a in in g
M ales  11 1 .7 8 + .0 6 7 7 .2 + 8 .6 2 5 . 7 * 8 . 7  5
Fem ales 4 1 . 6 5 * . 0 2 6 1 .0 + 4 .8 2 4 . 8 * 6 . 9  2
T o ta l  15 1 .7 4 + .0 B 7 2 .9 + 1 0 .6 2 5 .5 + 8 .0  7
A w ide  ra n g e  o f  t o t a l  work done was a cco m p lish ed :  
w e ig h ts  used ranged  from  15 t o  90 kg, 5 -3 0  r e p e t i t i o n s  p e r  
s e t  were em ployed, and each w orkout in c lu d e d  1 -4  s e t s .  
P o s i t i v e  work was c a l u l a t e d  as r e p e t i t i o n s  t im e s  w e ig h t  
l i f t e d  m u l t i p l i e d  by the. v e r t i c a l  d is p la c e m e n t  o f  t h e  b ar  
d u r in g  th e  bench p r e s s .
Means and s ta n d a rd  d e v ia t io n s  were d e te rm in e d .  
Pearson product-m om ent c o r r e l a t i o n s  and r e g r e s s io n  
e q u a t io n s  were c a lc u la t e d  f o r  g ro ss  oxygen consum ption and
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t o t a l  work. A l l  d a ta  were examined by sex and f o r  th e  
t o t a l  g rou p .
R e s u l ts  and D is c u s s io n  
The h e te ro g e n e o u s  s u b je c t  pool and w id e  v a r i a b i l i t y  
i n  work done, s e t s ,  r e p e t i t i o n s ,  and r e c o v e ry  a l lo w e d  
between s e ts  were used t o  m axim ize th e  p r e d i c t a b i l i t y  o f  
oxygen consum ption and c a l o r i c  c o s t  fro m  work done (T a b le  
2 ) .  The r e s u l t a n t  c r i t i c a l  v a r i a b i l i t y  n e c e s s a ry  f o r  
g e n e r a l i z i n g  p r e d i c t i o n  i s  e v id e n t  in  t h e  l a r g e  s ta n d a rd  
d e v ia t io n s  t h a t  r e s u l t e d .
T a b le  2
C o r r e l a t i o n s  and R eg ress io n  E q u a t io n s  f o r  D a ta
C a r r e l a t i  on R ea re ss io n  e a u a t io n
M ales .9 5 C a lo r ie s  = 0 .3 9  + 0 . 0 1 (kgm)
Fem ales .8 0 C a lo r ie s  = 0 .2 1  + 0 . 0 1 (kgm)
T o ta l .9 6 C a lo r ie s  = 0 .2 7  + 0 . 0 1 (kgm)
C o r r e l a t i o n s  between gross  oxygen c o s t  and t o t a l  work 
were .8 0  f o r  fe m a le s ,  .9 5  f o r  m a les , and .9 6  f o r  th e  
p o o le d  d a t a .  The lo w e r  c o r r e l a t i o n  f o r  fe m a le s  was no t  
u n ex p e c ted . T h re e  f a c t o r s  i n t e r a c t  t o  cause t h i s :  (1 )
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th e  s m a l le r  number o f  fe m a le  s u b je c t s ,  (2 )  th e  s m a l le r  
amount o f  v a r i a b i l i t y  in  work done by th e  fe m a le s ,  and (3 )  
fe m a le s '  le s s  e x p e r ie n c e  in  th e  bench p r e s s ,  le a d in g  to  
more v a r i a b l e  e f f i c i e n c y ,  a s o u rce  o f  v a r i a b i l i t y  t h a t  
would d e t r a c t  from  p r e d i c t a b i l i t y .
The .9 6  c o r r e l a t i o n  f o r  p o o le d  d a ta  y i e l d s  an R*2 o f  
9 2 ’/., i n d i c a t i n g  t h a t  o n ly  8*/. o f  th e  v a r ia n c e  i s  
u n e x p la in e d  and t h a t  work done can be used t o  p r e d i c t  
oxygen consum ption and c a l o r i c  c o s t  w i th  a h ig h  d e g re e  o f  
a ss u ra n c e .
The p r a c t i c a l  im p o rta n c e  o f  t h i s  f i n d i n g  i s  c l e a r .  
W h ile  much d a ta  a r e  a v a i l a b l e  r e g a r d in g  th e  c a l o r i c  c o s t  
d f  w a lk in g ,  jo g g in g ,  and v a r io u s  o th e r  p h y s ic a l  
a c t i v i t i e s ,  u n t i l  now i t  has n o t been p o s s ib le  t o  
a c c u r a t e ly  p r e d ic t  th e  number o f  c a l o r i e s  expended d u r in g  
a w e ig h t  t r a i n i n g  w orkout o r  d u r in g  a s p e c i f i c  l i f t .  For  
t h e  bench p re s s ,  a l l  t h a t  i s  n e c e s s a ry  i s  t o  d e te rm in e  th e  
p ro d u c t o f  th e  v e r t i c a l  d is ta n c e  o f  th e  l i f t  (d ec im a l  
f r a c t i o n  o f  a m e te r ) ,  th e  t o t a l  number o f  r e p e t i t i o n s ,  and 
th e  w e ig h t  used (kg) and t o  th en  use th e  r e g r e s s io n  l i n e  
t o  p r e d i c t  c a l o r i c  c o s t  (F ig u r e  1 ) .
O b v io u s ly ,  th e  p ro ce s s  o u t l in e d  in  t h i s  s tu d y  shou ld  
be c a r r i e d  o u t f o r  a t  l e a s t  th e  most common e x e r c is e s  so 
t h a t  th e  c a l o r i c  c o s t  o f  an e n t i r e  w orkout can e a s i l y  be 
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Figure 1. Regression line for estimation of caloric cost 
for the bench press.
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a c c u r a te  assessm ent o f  c a l o r i c  e x p e n d i tu r e ,  im p o r ta n t  
in f o r m a t io n  f o r  th o s e  p e o p le  who w ish t o  use such 
r e s i s t i v e  t r a i n i n g  f o r  c o n t r o l  o f  body w e ig h t .
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DIFFERENCES IN SERUM CFK LEVELS BETWEEN 
ECCENTRIC AND CONCENTRIC PHASES OF CONTRACTION
The o c c u rre n c e  o f  d e la y e d  m uscle  s o re n e ss  has been 
found t o  be accompanied by h ig h e r  th a n  normal b lo o d  serum  
l e v e l s  o f  c e r t a i n  in t r a m u s c u la r  enzymes a f t e r  expos in g  
u n t r a in e d  i n d i v i d u a l s  t o  e x e r c is e  (C erney  S< H a ra la m b ie ,  
1975; F lo w e r ,  Chowdhury, P e a rs o n , G a rd n e r , 8< B r a t to n ,  
1962; Komi & B u s k ir k ,  1972; N u t t a l  8< Jones, 1 9 6 8 ) .  
Enzymes such as c r e a t i n e  phosphok inase  (C PK), g lu ta m ic  
o x a lo a c e t ic  t ra n s a m in a s e  (GOT) and l a c t a t e  dehydrogenase  
(LDH) showed s i g n i f i c a n t  in c r e a s e s ,  w i th  th e  in c r e a s e  in  
CPK b e in g  th e  g r e a t e s t  ( A l t la n d  8< Highman, 1961;  
A rm strong , O l i v i e  & Schwane, 1 9 8 3 ) .
A t t h i s  t im e  t h e r e  i s  c o n t r o v e r s y  as t o  what i s  
a c t u a l l y  happen ing  in  th e  m uscle t i s s u e  a s s o c ia te d  w i th  
th e  r e le a s i n g  o f t h e  enzymes. Because n o t  a l l  m uscular  
enzymes a r e  found t o  in c r e a s e  a f t e r  e x e r c is e ,  some 
i n v e s t i g a t o r s  have sugg ested  t h a t  t h e  m uscle becomes more 
p erm eab le  t o  th e  e f l u x  o f  some enzymes a f t e r  e x e r c is e .  
T h is  e f l u x  o f  in t r a m u s c u la r  enzymes i n t o  th e  c i r c u l a t o r y  
system  was. a ls o  n o te d  as n o t  b e in g  r e l a t e d  t o  th e  
m o le c u la r  w e ig h t  o f  each enzyme ( A l t l a n d  e t  a l . ,  1961;
C erney e t  a l . ,  1975; H alone  & K o n t t in e ,  1 9 6 2 ) .  O th er  
s tu d ie s  have r e p o r te d  abnormal l e s io n s ,  d i s r u p t io n  of
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normal band ing p a t t e r n s  and t e a r i n g  o f  th e  z -b an d s  a f t e r  
e x e r c is e  r e s u l t i n g  in  so re n e ss  (Arm strong e t  a l . ,  1983;
F r id e n ,  S jo s tro m , S< Ekblom, 1 9 8 1 ) .  Sex r e l a t e d  s tu d ie s  
have shown t h a t  m ales have s i g n i f i c a n t l y  h ig h e r  l e v e l s  o f  
serum CPK th a n  fe m a le s  p o s t - e x e r c is e .  In  th e s e  s t u d ie s  
work lo ad s  were a d ju s te d  f o r  body s i z e  (Shumate, Brooke,  
C a r r o l  & D a v is ,  1979; T i id u s  e t  a l . ,  1 9 8 3 ) .  H igh
i n t e n s i t y  and lo n g  d u r a t io n  work have bo th  been shown t o  
produce s i g n i f i c a n t  in c r e a s e s  in  CPK, b u t  i n t e n s i t y  o f  
work perfo rm ed  seems t o  have g r e a t e r  in f lu e n c e  (C erney e t  
a l . ,  1975; H u n te r  ?< C r i t z ,  1971; T i id u s  e t  a l . ,  1 9 8 3 ) .
Most o f  th e  s t u d ie s  up t o  t h i s  t im e  have no t
c o n s id e re d  th e  d i f f e r e n t  phases o f  c o n t r a c t io n  when 
a s s e s s in g  s o re n e s s . Some s tu d ie s  have broken th e
w o rk -o u ts  i n t o  c o n c e n t r ic  and e c c e n t r ic  segm ents,  
i n d i c a t i n g  t h a t  m uscle soreness  and damage were a s s o c ia te d  
w ith  th e  e c c e n t r i c  phase (Arm strong e t  a l . ,  1983;
Asmussen, 1952; Rasch, 1 9 7 4 ) .
The i n v e s t i g a t i o n s  th u s  f a r  have a s s o c ia te d  d e la y e d  
muscle so ren ess  w i th  appearan ce  o f  h ig h e r  l e v e l s  o f  CPK in  
blood  serum. The purposes o f  t h i s  s tu d y  were t o  d e te rm in e  
w h eth er c o n c e n t r ic  o r  e c c e n t r i c  c o n t r a c t io n s  produced th e  
g r e a t e s t  l e v e l  o f  so re n e ss  d u r in g  b e n c h -p re s s in g ,  and, 
s e c o n d ly ,  t o  d e te rm in e  w h eth er t h e r e  were any d i f f e r e n c e s  
in  serum CPK l e v e l s  and w i th  which ty p e  o f  c o n t r a c t io n
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th e s e  changes were a s s o c ia te d .
METHODS
S ix  u n t r a in e d  s u b je c ts  v o lu n te e r e d  f o r  t h i s  p r o j e c t .  
A l l  b io m e t r ic  d a ta  a r e  shown in  T a b le  1. The te rm  
" u n t r a in e d "  was d e f in e d  as  a person who d id  n o t l i f t  
w e ig h ts  o r  p e r fo rm  any r e s i s t i v e  e x e r c is e s  s p e c i f i c  t o  th e  
upper body. An in fo rm e d  consent was o b ta in e d  from  a l l  
s u b je c ts  p r i o r  t o  p a r t i c i p a t i o n .
Each s u b je c t  was asked n o t t o  p e r fo rm  any p h y s ic a l  
a c t i v i t i e s  o th e r  th a n  normal d a i l y  r o u t i n e  f o r  two days  
p r i o r  to  bo th  th e  f i r s t  b lood  sample and each e x e r c is e  
b o u t .  A one r e p e t i t i o n  maximum (1RM) f o r  th e  bench p re s s  
was d e te rm in e d  on a U n iv e r s a l  w e ig h t  m ach ine. S u b je c ts  
e x e r c is e d  a t  a p p r o x im a te ly  84*/. 1RM. Each bout c o n s is te d  
o f  f i v e  s e ts  o f  te n  r e p e t i t i o n s .  The t h r e e  e x e r c is e  
b o u ts ,  c o n c e n t r ic ,  e x c e n t r ic  and b o th ,  were random ly  
ass igned  and perfo rm ed  once p e r  week. On th e  c o n c e n t r ic  
e x e r c is e  b o u t ,  th e  s u b je c t  b en ch -p ressed  in  a p o s i t i v e  
manner w i th  th e  w e ig h t  b e in g  lo w ered  by a s s i s t a n t s .  
D u rin g  th e  e c c e n t r ic  work, th e  w e ig h t  was r a is e d  by 
a s s i s t a n t s  w i th  th e  s u b je c t  lo w e r in g  th e  w e ig h t .  The 
s u b je c ts  r a is e d  o r  lo w e r  th e  w e ig h t  d u r in g  a one second 
i n t e r v a l .  The t h i r d  b o u t r e q u i r e d  th e  s u b je c t  t o  p e r fo rm  
bo th  e c c e n t r ic  and c o n c e n t r ic  c o n t r a c t io n s .  Each s e t  was
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T a b le  1. S u b je c ts '  b io m e t r ic  d a ta  (means and s ta n d a rd  
d e v i a t i o n s ) .
Age Ht Wt 1RM
(y r s )  (cm) (kg) (kg )
Fem ales 4 2 2 .8  1 6 8 .0  5 6 .2  3 4 .0
+ 5 .1  ± 5 . 6  ± 4 . 9  ± 5 .2
M ales 2 2 2 .0  1 7 5 .9  7 5 .4  7 3 .5
+ 0 .0  + 0 .8  + 6 .4  + 3 .9
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p erfo rm ed  in  a p p r o x im a te ly  25  s e c , w i th  a 1 min r e c o v e r y  
p e r io d  between s e t s .
A p p ro x im a te ly  24  h r s  + 1 h r  a f t e r  th e  e x e r c is e  b o u t ,  
a v e n ip u n c tu re  was p e rfo rm e d  by a r e g i s t e r e d  n u rs e  in  
o r d e r  t o  draw a 10 ml b lo o d  sam ple . The b lood  samples  
were c e n t r i f u g e d  a t  1500 rpm f o r  10 m in , and th e  serum was 
drawn o f f  and f r o z e n .  The serum CPK l e v e l s  were a n a ly z e d  
w ith  a CPK module on an Ames S e r a l y z e r ,  model 5110A.
Each s u b je c t  was asked t o  r a t e  t h e  amount o f  soreness  
a s s o c ia te d  w i th  th e  e c c e n t r i c  and c o n c e n t r ic  work b o u ts .  
A n in e  p o in t  s c a le ,  d eve lo p ed  by T i id u s  e t  a l . ( 1 9 8 3 ) ,  was
used to  access  s o ren ess  (T a b le  2 ) .
The d a ta  were a n a ly z e d  w i th  a one-w ay ANQVA t o  
d e te rm in e  w h eth er t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  
(p < .0 5 )  in  CPK l e v e l s  between t e s t s .  A Pearson  
product-m om ent c o r r e l a t i o n  between th e  r a t i n g  o f  soreness  
and th e  CPK b lo o d  serum l e v e l s  a f t e r  e c c e n t r ic  and 
c o n c e n t r ic  c o n t r a c t io n s  was c a l c u l a t e d .
RESULTS AND DISCUSSION 
The purpose o f  t h i s  s tu d y  was t o  d e te rm in e  w hether  
t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  in  CPK b lo o d  serum  
l e v e l s  between c o n c e n t r ic  and e c c e n t r i c  c o n t r a c t io n s .  No 
s i g n i f i c a n t  d i f f e r e n c e  (p < .05>  in  CPK b lo o d  serum l e v e l s  
between c o n c e n t r ic  and e c c e n t r ic  c o n t r a c t io n s  was found  
(T a b le  3 ) .
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T a b le  2 .  R a t in g  o f  p r e c e iv e d  s o re n e s s  s c a le  ( T i id u s  e t  
a l .p  1 9 8 3 ) .
S c a le  C r i t e r i a








9 ----------------------  ex trem e s o re n e ss  w i th  movement
T a b le  3 .  Mean and s ta n d a rd  d e v ia t io n s  o f  CPK b lood  
serum l e v e l s .
T e s t  CPK (mg/dL)
P r e - t e s t 6 4 .4 (± 4 6 .4 )
C o n c e n tr ic 6 1 .7 (± 1 2 .3 )
E c c e n t r ic 7 6 .7 (+ 4 3 .7 )
Both 78 .‘3 (+ 3 7 .7 )
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Mean v a lu e s  -for r a t i n g s  o f  p e r c e iv e d  soreness  <RPS> 
f o r  e c c e n t r ic  and c o n c e n t r ic  work were 6 and 2 ,
r e s p e c t i v e l y .  These v e r b a l  e v a lu a t io n s  in d ic a t e d  t h a t  th e  
e c c e n t r ic  group became s l i g h t l y  more th a n  m o d e ra te ly  s o re ,  
w h i le  th e  c o n c e n t ic  group rem ained  r e l a t i v e l y  f r e e  o f  
s o re n e s s , s u b s t a n t ia t in g  p re v io u s  re s e a rc h  (Rasch, 1 9 7 4 ) .  
The c o r r e l a t i o n  o f  e c c e n t r ic  and c o n c e n t r ic  CPK l e v e l s  
w ith  th e  RPS were 0 .7 6  and 0 . 9 3 ,  r e s p e c t i v e l y ,  s u g g e s t in g  
t h a t  DOMS i s  r e l a t e d  t o  t i s s u e  damage in  bo th  ty p e s  o f
e x e r c is e .
T h e re  appear t o  be sex d i f f e r e n c e s  in  CPK l e v e l s  in  
a l l  th r e e  e x e r c is e  b o u ts  (T a b le  4 ) .  The CPK l e v e l s  in  
fe m a le s  d id  n o t show as 'g re a t  an in c r e a s e  as d id  th o s e  o f  
th e  m ales . These f i n d i n g s  su p p o rted  p re v io u s  work 
(Shumate e t  a l . ,  1 9 7 9 ) .  Because work lo a d s  were based on
body s i z e ,  t h e r e  i s  no e x p la n a t io n  a t  t h i s  t im e  f o r  th e
d i f f e r e n c e  in  CPK l e v e l s  between th e  sexes .
In  summary, t h i s  e x p e r im e n t  has in d ic a t e d  t h e r e  i s  
n o t a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  in  CPK blood  
serum l e v e l s  between e c c e n t r i c  and c o n c e n t r ic  ty p e s  o f  
e x e r c is e .  F u tu re  s tu d y  sho u ld  be d i r e c t e d  tow ards  
d e te rm in in g  how and why CPK r e le a s e d  in  th e  c i r c u l a t o r y  
system  p o s t - e x e r c is e .  A ls o ,  more a t t e n t i o n  shou ld  be 
accorded th e  a p p a re n t  sex d i f f e r e n c e s  in  th e  r e le a s e  o f  
th e s e  enzymes.
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T a b le  4 .
Female
Male
Mean and s ta n d a rd  d e v ia t io n s  o f  CPK b lood  
serum l e v e l s  by s e x .
P r e - t e s t  C o n c e n tr ic  E c c e n t r ic  Both
(mg/dL) (mg/dL) (mg/dL> (mg/dL)
7 2 .3





6 5 .5  
± 1 9 . 1
8 9 .7
+ 4 8 .6
7 3 .0  
± 7 .1
4 4 .5
± 9 . 2
112.0 
+ 1 1 .3
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A COMPARISON BETWEEN TWO RATINGS OF PERCEIVED
SORENESS SCALES
R a t in g s  have been used t o  q u a n t i f y  th e  so re n e ss  o f
m uscle groups o r  t o  d e l i n e a t e  s p e c i f i c  a re a s  o f  s o ren ess
(Abraham, 1977; Asmussen, 1952; Schwane e t  a l . ,  1 9 8 3 ) .
The te n d e rn e s s  i s  o f t e n  d e s c r ib e d  as b e in g  l o c a l i z e d  in  
th e  d i s t a l  p o r t io n s  o f  th e  m usc le , th e  muse1e - te n d o n
j u n c t io n  (Asmussen, 1952; Komi & B u s k ir k ,  1 9 7 2 ) .  The peak
t im e  o f  s o ren ess  o c c u rre d  anywhere from  24 t o  48 h rs  a f t e r  
e x e r c is e  (Schwane e t  a l . ,  1983; T a la g ,  1 9 7 3 ) .
S e v e ra l  s c a le s  and te c h n iq u e s  have been used t o
assess  s o re n e s s . S c a le s  o f  0 t o  3 (Abraham, 1977) and 1 
t o  9 ( T i id u s  & Ia n u z z o ,  1983) have been used . P re s s u re  
prob es  have been used t o  lo c a t e  s p e c i f i c  a re a s  o f  
s o re n e s s , w h i le  th e  s u b je c t  in d ic a t e d  th e  i n t e n s i t y  o f  
s o re n e ss  (Newham e t  a l . ,  1983; T i id u s  e t  a l . ,  1 9 8 3 ) .
O th e r  te c h n iq u e s  u t i l i z e d  t o  f a c i l i t a t e  s u b je c t s '  
p e r c e p t io n  o f  s o re n e ss  have been p a lp a t i o n  o f  muscle  
groups o r  movement o f  m uscle  groups th ro u g h  t h e i r  ra n g e  o f  
m otion  (Abraham, 1977; Schwane e t  a l . ,  1 9 8 3 ) .
T h is  s tu d y  was d e s ig n e d  t o  d e te rm in e  which o f  two
s c a le s  used f o r  r a t i n g  o f  p e r c e iv e d  s o re n e ss  would be a 
more p e r c is e  t o o l .  S e c o n d ly , t h i s  s tu d y  was t o  d e te rm in e  
w h eth er t h e r e  would be a d i f f e r e n c e  in  p e r c e iv e d  soreness
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a f t e r  e x e r c is e  u s in g  t h r e e  sq u a t  p r o t o c o ls .
METHODS
T h i r t y - s i x  u n t r a in e d  v o lu n t e e r s  p a r t i c i p a t e d .  The 
te rm  " u n t r a in e d "  was d e f in e d  as n o t  c u r r e n t l y  in  t r a i n i n g  
w ith  w e ig h ts  o r  p a r t i c i p a t i n g  in  any o th e r  form  o f  
r e s i s t i v e  work. A l l  s u b je c ts  re a d  and s ig n e d  an in fo rm ed  
c o n s e n t .
Each s u b je c t  was in s t r u c t e d  in  th e  c o r r e c t  te c h n iq u e  
o f  p e r fo rm in g  a p a r a l l e l  s q u a t .  B a s ic  s t r e t c h i n g  and a 
s e t  o f 5  r e p e t i t i o n s  o f  l i g h t  w e ig h t  was done in  o rd e r  t o  
in s u re  c o r r e c t  te c h n iq u e  and warm -up. A one r e p e t i t i o n  
maximum <1RM) was d e te rm in e d  by add ing  s u f f i c e n t  w e ig h t  
f o r  each r e p e t i t i o n ,  so t h a t  th e  s u b je c t  re ac h e d  a maximum 
i n  5 t o  6 a t te m p ts .  S e v e ra l  m in u tes  o f  r e s t  were g iv e n  
betwen each t r y .  The c r i t e r i o n  f o r  re a c h in g  1RM was t h a t  
th e  s u b je c t  f a i l e d  an a t te m p t ,  in  which case  th e  w e ig h t  
f o r  th e  p re v io u s  s u c c e s s fu l  l i f t  was re c o rd e d  as th e  1RM. 
S u b je c ts  were asked n o t t o  in g e s t  any a n t i - i n f la m m a t o r y  
drugs ( a s p i r i n )  d u r in g  th e  two weeks f o l lo w in g  th e  1RM 
t e s t .
One week f o l lo w in g  th e  1RM t e s t ,  s u b je c ts  r e p o r te d  t o  
th e  w e ig h t  room a t  a p p r o x im a te ly  7 :3 0  a .m . Each s u b je c t  
was random ly a s s ig n ed  t o  one o f  3 e x e r c is e  p r o to c o ls :  (1 )
6 s e ts  o f  5 r e p e t i t i o n s ,  (2 )  3 s e ts  o f  10 r e p e t i t i o n s ,  (3 )
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10 s e ts  o f  3 r e p e t i t i o n s .  The same number o f  m ales and 
fe m a le s  were a ss ig n e d  t o  each group . For each p ro to c o l . ,  
s u b je c ts  worked a t  a p p r o x im a te ly  70J£ o f  t h e i r  1RM, w i th  a 
1 min r e s t  between s e t s .
Upon c o m p le t io n  o f  th e  t a s k ,  th e  s u b je c ts  were asked  
t o  r e p l i c a t e  th e  s q u a t  w i th o u t  any w e ig h t .  The s u b je c t  
th en  gave a number c o rre s p o n d in g  t o  a d e s c r ip t o r  from  two  
r a t i n g s  o f  p e r c e iv e d  s o re n e ss  <RPS> s c a le s  (T a b le  1 ) .  
T h is  p ro c e d u re ,  t h e  s u b je c t  r e p l i c a t i n g  t h e  s q u a t and 
g iv in g  a v e rb a l  d e s c r i p t o r ,  was r e p e a te d  e v e ry  24  h r s  ±  
0 . 5  h r  f o r  a t o t a l  o f  72 h r s .
D a ta  were t r e a t e d  by a n a ly s is  of v a r ia n c e  t o  
d e te rm in e  w h eth er t h e r e  were any d i f f e r e n c e s  between th e  
two RPS s c a le s  and t o  d e te rm in e  w hether t h e r e  was a 
d i f e r e n c e  in  l e v e l  o f  so ren e ss  produced by th e  t h r e e  
p r o to c o ls .
RESULTS AND DISCUSSION 
When e xam in in g  an i n d i v i d u a l “s p e r c e p t io n  o f  
s o re n e s s , one must be aware o f  in d iv id u a l  d i f f e r e n c e s  in  
t h e i r  l e v e l  o f  p a in  t o l e r a n c e ,  i f  th e y  have e v e r  
e x p e r ie n c e d  p a in  r e s u l t i n g  from  some form  o f  p h y s ic a l  
a c t i v i t y ,  and t h e i r  t r u t h f u l n e s s  in  s u b j e c t i v e l y  r a t i n g  
t h e i r  p a in  l e v e l s .  The groups were o f a homogeneous 
n a tu r e ;  t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  <p< .05) in
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T a b le  1. The two s c a le s  used in  t h i s  e x p e r im e n t .
SCALE 1
S c a le  C r i t e r i a
0 . 0  --------------  c o m p le te  absence o f  sorness
0 . 5
1.0
1 .5  --------------  some s t i f f n e s s  a n d /o r  weakness
e s p e c i a l l y  d u r in g  movement
2.0
2 . 5
3 . 0  --------------  d i s t r e s s i n g  p a in  which l i m i t s  th e
ra n g e  o f  m otio n .
N o te . M o d i f ic a t io n  o f  Abraham 's S c a le  (1 9 7 7 ) ,  h a l f  
in c re m e n ts  added.
SCALE 2
S c a le  C r i t e r i a









10 ------------------------  ex trem e soreness  w i th  movement
N o te . D eveloped by i n v e s t i g a t o r .
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th e  b io m e t r ic  d a ta  o r  1RM (T a b le  2 ) .
A n a ly s is  among t im e  i n t e r v a l s  r e s u l t e d  in  s i g n i f i c a n t  
d i f f e r e n c e s  w i t h in  S c a le  1 (Sc 1) and S c a le  2 (Sc 2 ) (
F {3 ^9 0 ) = 2 4 .B 6 , p < 0 .0 0 0 1  and F ( 3 ^9 0 ) as3 9 . 7 4 ,  p^O.OOOl,
r e s p e c t i v e l y ) .  In  Sc 1 , no d i f f e r e n c e  in  RPS was found  
between th e  t im e  i n t e r v a l s  o f  0 and 72 h rs  o r  between 24  
and 48  h rs  (T a b le  3 ) .  T h ere  was a s i g n i f i c a n t  d i f f e r e n c e  
in  RPS between t im e  i n t e r v a l s  o f  0 & 72  h rs  and 24 & 48
h r s .  T h is  r e f l e c t e d  in c re a s e d  soreness  l e v e l s  one t o  two  
days a f t e r  e x e r c is e ,  c o n c u r r in g  w i th  Schwane e t  a l . (1 9 83 )  
and T a la g  (1 9 7 3 ) .
T a b le  3
C o n tr a s t  S ta te m e n ts  f o r  Soreness S c a le s *
S c a le  1 0 72 24 48
S c a le  2 0 24_____48 72
*  No s i g n i f i c a n t  d i f f e r e n c e  u n d e r l in e d  
A ls o  in  Sc 2 t h e r e  was no d i f f e r e n c e  between t im e  
i n t e r v a l s  o f  24 and 48 h r s ,  a lth o u g h  b o th  24 and 48  h rs  
t im e  i n t e r v a l s  were s i g n i f i c a n t l y  d i f f e r e n t  from  i n t e r v a l s  
0  and 72  h rs  (T a b le  3 ) .  T h is  a g a in  r e f l e c t e d  in c re a s e d  
s o re n e ss  one t o  two days f o l lo w in g  e x e r c is e .  A ls o  no ted  
was a s i g n i f i c a n t  d i f f e r e n c e  between t im e  i n t e r v a l s  0  and
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1 2 1 .3 1 7 0 .6 6 6 .7 7 5 .0 7 1 .0
± 1 .9 ±  5 . 2 ± 1 1 .5 + 1 4 .5 + 1 .4
2 2 2 .1 1 7 1 .5 6 5 .5 7 3 .4 7 0 .3
+ 1 .5 +. 7 . 3 + 6 .7 + 1 0 .8 + 1 .2
3 2 1 .4 1 7 0 .7 7 1 .1 7 2 .3 6 9 .9
+ 0 .5 + 6 . 9 + 18. 1 + 1 .6 + 1 .6
N o te . Each group had an n =18 , 9 m ales and 9 fe m a le s .
Group 1: 6 s e t s ,  5 r e p e t i t i o n s .
Group 2: 3 s e t s ,  10 r e p e t i t i o n s .
Group 3: 10 s e t s ,  3 r e p e t i t i o n s .
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72 h r s .  The d i f f e r e n c e  found on th e  10 p o in t  s c a le  (Sc 2 )  
as compared t o  no d i- f- fe ren c e  on th e  seven p o in t  s c a le  (Sc 
1) between 0 and 72  h r s  c o u ld  be a t t r i b u t e d  t o  h a v in g  an 
a d d i t i o n a l  in c re m e n t t o  choose -from between each s e t  o f  
d e s c r i p t o r s  on th e  10 p o in t  s c a le .  T h is  d i f f e r e n c e ,  th e  
o n ly  d i f f e r e n c e  betwen th e  two s c a le s ,  does n o t  suggest  
t h a t  th e  10 p o in t  s c a le  i s  s i g n i f i c a n t l y  b e t t e r  th an  th e  
seven p o in t  s c a le .
A l l  o f  th e  p r o t o c o ls  r e s u l t e d  in  soreness  in  
u n t r a in e d  i n d i v i d u a l s .  T h ere  was • no s i g n i f i c a n t  
d i f f e r e n c e  (p < .0 5 )  between th e  group means w i t h in  each  
s c a le  (T a b le  4 ) .  The i n t e r v a l s  a t  which a t o t a l  o f  30  
r e p e t i t i o n s  were p e rfo rm e d  d id  n o t i n f lu e n c e  th e  degree  o f  
s o ren ess  e x p e r ie n c e  by th e  s u b je c ts .  I n t e n s i t y  o f  w orkout  
seems t o  be more im p o r ta n t  th an  volume in  cau s in g  d e la y e d  
m uscle s o re n e ss  , in  agreem ent w i th  f i n d i n g s  o f  T i id u s  e t  
a l .  ( 1 9 8 3 ) .
In  summary, e i t h e r  s c a le  seems a p p r o p r ia t e  f o r  use in  
s u b j e c t i v e l y  d e s c r ib in g  l e v e l s  o f  p a in  a s s o c ia te d  w i th  
e x e r c is e .  I n t e n s i t y  o f  w orkout r a t h e r  th a n  volume seemed 
t o  be th e  p r im a r y  f a c t o r  in  d e la y e d  m uscle soreness  in  
u n t r a in e d  i n d i v i d u a l s .  F u r th e r  re s e a r c h  shou ld  be 
d i r e c t e d  in  d e te r m in in g  w h eth er t h e r e  i s  any p h y s io lo g ic a l  
p a ra m e te r  t h a t  would c o r r e l a t e  w e l l  w i th  th e  p e rc e iv e d  
so ren ess  s c a le s .
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T a b le  4 .  Group means and s ta n d a rd  d e v ia t io n s  f a r  each  
RPS s c a le .
Group Sc 1* Sc 2 *
1 (6  s e t s ,  5 re p s ) 1 .78 - 4 .6 0
± .2 1 + 1 .0 5
2 (3  s e t s ,  10 re p s ) 1 .6 4 4 .7 1
+ .3 0 + 1. 12
3 (10  s e t s ,  3 re p s ) 1 .6 0 4 .8 8
-
+ . 24 ± 1 .1 0
*  No s i g n i f i c a n t  d i f f e r e n c e  among p r o to c o ls
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ID GROUP TIME CPK PGFn.MET RPS ASA
1 100
essi
6 .4 7 0 . 0 8 . 7
2 140 4 0 .4 0 2 . 0 6 . 4
3 130 5 1 .8 4 3 . 0 10. 1
4 • 335 5 7 .7 2 2 . 5 1 4 .2
5 ------ 4 2 .0 0 1 .0 1 6 .0
1 250 6 .8 0 0 . 0 5 . 4
2 280 8 .1 5 1 .0 1 2 .2
3 215 9 .0 8 2 . 5 1 1 .3
4 105 2 .7 3 1 .5 1 0 .7
5 145 11 .91 0 . 5 9 . 6
1 110 4 .8 4 0 . 0 1 1 .3
2 90 2 .9 5 1 .5 0 . 6
3 245 9 .5 7 2 . 0 9 . 4
4 90 7 .  17 2 . 5 1 1 .8
5 80 3 .8 9 1 .0 8 . 5
1 105 4 .6 7 0 . 0 6 . 8
2 35 2 .4 7 1 .0 0 . 0
3 198 9 7 .8 0 2 . 5 7 . 4
4 65 5 4 .3 0 2 . 0 6 .  1
5 35 4 9 .9 0 1 .5 7 . 4
1 25 5 0 .0 7 0 . 0 1 0 .4
2 60 5 5 .8 7 0 . 0 12. 1
3 100 2 0 .7 2 2 . 5 1 3 .0
4 50 1 3 .0 0 2 . 0 1 2 .7
5 22 2 1 .6 3 1 .0 1 0 .7
1 22 3 7 .2 8 0 . 0 5 . 5
2 30 1 9 .5 4 1 .5 7 . 5
3 320 ---------- 1 .0 9 . 6
4 105 ---------- 1 .0 8 . 9
5 42 3 7 .8 1 1 .0 12 .1
1 85 1 6 .4 3 0 . 0 5 . 2
2 60 1 5 .7 0 0 . 0 1 .4
3 170 2 6 .8 2 1 .5 5 . 8
4 50 5 .7 0 2 . 5 6 . 6
5 10 2 8 .8 6 0 . 5 7 . 8
1 55 ---------- 0 . 0 5 . 7
2 25 1 1 6 .4 8 0 . 0 4 . 8
3 60 1 1 6 .3 3 2 . 0 5 . 7
4 115 8 7 .2 3 2 . 5 4 . 8
5 25 6 0 .4 8 0 . 5 4 . 3
1 45 1 8 9 .6 4 0 . 0 6 . 3
2 115 2 8 9 .1 5 0 . 5 7 . 0
3 60 2 7 9 .3 6 0 . 5 7 . 3
4 65 1 5 3 .1 4 1 .0 1 3 .4
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9 5 20 1 6 0 .1 3 0 . 5 1 3 .6
10 1 1 230 1 2 3 .5 9 0 . 0 8 . 8
10 1 2 95 9 0 .6 6 2 . 0 0 . 0
10 1 3 675 8 2 .2 0 2 . 5 — • —
10 1 4 290 1 3 2 .1 7 1 .5 0 . 7
10 1 5 120 4 9 .2 8 0 . 5 4 . 3
11 2 1 85 9 4 .0 9 0 . 0
11 2 2 165 153 .11 2 . 0
11 2 3 — - 2 0 0 .1 6 2 . 0
11 2 4 ------ 1 1 3 .3 3 2 . 0
11 2 5 — — 8 0 .3 7 0 . 5
12 2 1 35 1 9 .7 9 0 . 0
12 2 2 70 6 1 .0 1 1 .5
12 2 3 175 9 5 .8 7 2 . 0
12 2 4 54 4 3 .4 1 2 . 0
12 2 5 21 3 9 .7 2 0 . 5
13 2 1 ' 65 1 4 .9 0 0 . 0
13 2 2 145 5 1 .8 3 0 . 0
13 2 3 270 9 5 .8 0 1 .5
13 2 4 360 1 16 .5 1 2 . 0
13 2 5 115 5 8 .5 3 0 . 5
14 2 1 70 1 9 1 .0 7 0 . 0
14 2 2 65 2 0 1 .7 1 0 . 0
14 3 120 3 1 4 .7 9 2 . 0
14 2 4 75 2 9 4 .5 5 1 .0
14 2 5 60 1 5 6 .1 6 1 .0
15 2 1 n o 3 0 .7 8 0 . 0
15 2 2 180 9 8 .2 7 2 . 0
15 2 3 300 7 7 .9 4 3 . 0
15 2 4 310 ---------- 3 . 0
15 2 5 280 3 5 .2 2 1 .5
16 2 1 42 4 7 .8 5 0 . 0
16 2 2 100 5 1 .6 9 0 . 5
16 2 .. 3 210 1 3 7 .9 7 1 .0
16 ? 4 130 ---------- 0 . 5
16 2 5 120 1 5 5 .7 2 0 . 5
17 2 1 65 1 9 2 .9 3 0 . 0
17 2 2 185 1 7 1 .1 6 2 . 0
17 2 3 115 2 1 5 .0 7 2 . 5
17 2 4 105 1 7 1 .2 7 1 .5
17 2 5 50 110 .11 0 . 5
18 2 1 70 9 0 .3 1 0 . 0
18 2 2 97 1 2 6 .1 3 2 . 0
18 2 3 90 125 .11 2 . 5
18 2 4 45 8 6 .9 8 2 . 0
18 2 5 75 1 0 0 .8 5 0 . 5
19 2 1 45 1 8 9 .6 7 0 . 0
19 2 2 190 1 7 1 .2 2 0 . 0
19 2 3 205 3 8 2 .8 4 1 .0
19 2 4 400 3 0 0 .8 6 0 . 0
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19 2. 5 270 1 5 9 .4 2 0 . 0
20 2 1 55 13 3 .61 0 . 0
20 2 2 105 1 6 1 .5 9 0 . 0
20 2 3 315 1 8 5 .3 3 1 .0
20 2 4 75 1 6 8 .6 9 2 . 0
20 2 5 23 1 4 0 .2 2 0 . 5
ID  = s u b je c t  number
GROUP: 1 = a s p i r i n  2 = p la c e b o
TIME: 1 = p r e - e x e r c is e ;  2 = p o s t - e x e r c is e ;  3 = 24 h;
4 = 48  h; 5 = 7 2  h 
CPK ( IU )
PGF2 am e t a b o l i t e  (p g /m l )
RPS: R a t in g s  o f  p e r c e iv e d  soreness  
ASA: A s p i r in  (m g /d l>
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BIOMETRIC AND 1RM DATA
A s p ir in  Group
S u b je c t  Age H e ig h t  W eight 1RM
(y r s )  <m) (kg) (kg)
1 25 1 .7 3 7 9 .8 8 9 .1
2 20 1 .7 0 5 6 .8 8 1 .6
3 22 1 .7 3 9 4 .3 1 6 5 .6
4 21 1 .8 3 7 3 .0 9 3 .2
5 21 1 .7 5 6 3 .6 1 2 7 .3
6 28 1 .8 0 7 2 .7 9 0 .9
7 27 1 .6 5 6 9 .9 7 7 .3
8 21 1 .7 8 8 6 .2 1 4 3 .2
9 22 1 .8 3 84 . 1 1 2 5 .0
10 22 1 .7 8 7 1 .8 7 9 .4
2 2 .9 1 .7 6 7 5 .2 111.1
SD ± 2 .8 ± 0 .0 6 ± 1 1 .1 ± 3 0 . 7
Sub
P lacebo  Group
 j e c t Age H e ig h t Weight 1RM
(y r s ) (m) (kg) (kg)
11 22 1 .8 0 9 2 .1 1 4 3 .2
12 23 1 .7 3 1 0 4 .5 1 9 3 .2
13 27 1 .7 8 7 0 .9 8 1 .6
14 22 1 .7 5 7 8 .0 9 7 .7
15 31 1 .9 0 9 7 .7 8 8 .6
16 2 5 1 .7 0 6 9 .9 1 1 3 .6
17 24 1 .8 0 e 4 . 1 1 2 5 .0
18 22 1 .7 3 6 2 .3 9 0 .7
19 22 1 .7 5 8 6 .2 1 5 8 .8
20 23 1 .7 8 1 2 7 .3 1 4 3 .2
IT 2 4 .1 1 .7 7 8 7 .3 1 2 3 .6
SD ± 2 . 9 ± 0 . 0 6 ± 1 9 .2 ± 3 6 . 0
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L e a s t  Square Means and S tan d a rd  E r r o r  -for Groups
CP**s_ PGFSLa-Met RPS
Time A s p i r in P la ce b o A s p i r in P la c e b o  A s p i r in P lac eb o
1 1 0 0 .9 9
± 2 6 .6 5
6 4 .2 0
± 2 4 .9 7
5 2 .8 3  
± 1 1 .0 9
1 0 0 .5 0  0 .0 0  
± 1 1 .1 0  ± 0 .1 7
0 .0 0  
± 0 .  17
2 9 3 .0 0
± 2 4 .9 7
1 3 0 .2 0
+ 2 4 .9 7
6 4 . 16 
+ 1 1 .0 9
1 2 4 .7 7  0 .9 5  
+ 1 1 .1 0  + 0 .1 7
1 .0 0  
+ 0 . 17
3 1 9 9 .9 4
± 2 6 .7 6
2 0 3 .0 9
+ 2 6 .9 7
7 4 .6 0  
+ 1 1 .B9
1 82 .4 1  2 .1 4  
± 1 1 .9 9  + 0 .1 8
. 1 . 8 9  
± 0 .1 8
4 1 2 3 .4 9
+ 2 6 .7 6
1 7 4 .3 8
+ 3 1 .2 2
5 4 .5 4
+ 1 1 .8 9
1 5 6 .3 6  2 .0 3  
+ 1 3 .8 7  + 0 .1 8
1 .6 2
+ 0 .2 1
5 6 0 .6 5
+ 2 6 .6 5
1 1 5 .7 6
+ 2 6 .9 7
4 4 .6 2
+ 1 1 .8 4
1 0 7 .4 3  0 .8 4  
+ 1 1 .9 9  + 0 .1 8
0 .6 7  
+ 0 . 18
Time: 1 -  p r e -  
4 -  48  h
•ester c i  se 
i; 5 - 7 2
; 2 -  post  
h
-e s te rc is e ;  3 - 2 4 h;












± 0 .8 6
± 0 .8 6
+ 0 .9 1
+ 0 .8 6
+ 0 .8 6
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